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IN ASSEMBLY, 


JANUARY 13, 191. 


TwentietH AnnuaL Report 


OF THE 


Board of Control of the New York Agricultural 
Experiment Station. 





STATE OF NEW YORK: 
DEPARTMENT OF AGRICULTURE, 
ALBANY, January 18, 1902. 
T'o the Assembly of the State of New York: 

I have the honor to herewith submit the Twentieth Annual 
Report of the Director and Board of Managers of the New York 
Agricultural Experiment Station at Geneva, N. Y., in pursuance 
of the provisions of the Agricultural Law. 

Tam, respectfully yours, 


CHARLES A. WIETING, 


rvissioner of Agriculture, 
R095 Re Commisst f Ag 
DS pare | 


Digitized by the Internet Archive 
in 2021 with funding from 
University of Illinois Urbana-Champaign 


https://archive.org/details/annualreportofoo2019newy 


1901. 
ORGANIZATION OF THE STATION. 


en ere 


BOARD OF CONTROL. 


GOVERNOR BENJAMIN B. ODELL, JR., Albany. 
STEPHEN H. HAMMOND, Geneva. 

AUSTIN C. CHASE, Syracuse. 

FRANK O. CHAMBERLAIN, Canandaigua. 
FREDERICK C. SCHRAUB, Lowville. 
NICHOLAS HALLOCK, Queens. 

LYMAN P. HAVILAND, Camden. 

Kpe@ar G. DusENBURY, Portville. 

Oscar H. Har, North Stockholm. 

MARTIN L. ALLEN, Fayette. 


OFFICERS OF THE BOARD. 


STEPHEN H. HAMMOND, WILLIAM O’HANLON, 
President. Secretary and Treasurer. 
EXECUTIVE COMMITTEE. 
STEPHEN H. HAMMOND, FREDERICK C. SCHRAUB, 
MARTIN L. ALLEN, LYMAN P. HAVILAND, 
FRANK O. CHAMBERLAIN, NICHOLAS HALLOOK. 


STATION STAFF. 


WHITMAN H. JoRvpAN, So. D., Director. 


GrorGE W. CHURCHILL, Lore A. RoqaeErs, B.S, 
Agriculturist and Superin- Assistant Bacteriologist. 
tendent of Labor. GEORGE A. SMITH, 
WILLIAM P. WHEELER, Dairy Expert. 
First Assistant (Animal FRANK H. HALL, B.S., 
Industry). iditor and Librarian. 
FRED C. STEWART, M.&S., Victor H. Lowe, M.S., 
Botanist. tF. ATWOOD SIRRINE, M.S., 
Harry J. Eustace, B. S., Entomoloyists. 
Student Assistant in Botany. PEROCIVAL J. Parrott, A.M., 
Lucius L. VANSLYKE, PH.D., Assistant Entomologist. 
Chemist. SPENCER A. BEACH, M.S., 
CHRISTIAN G. JENTER, PH.C., Horticulturist. 
* WILLIAM H. ANDREWS, B.S., NATHANIEL O. Booru, B.AGR., 
q J. ARTHUR LECLERO, B.S., Assistant Horticulturist. 
FREDERICK D. FULLER, B.S., ORRIN M. TAaYLor, 
EpwIn B. Hart, B.S., Foreman in Horticulture 
*CHARLES W. Munpar, B.S., FRANK E. NEWTON, 
ANDREW J. PATTEN, B.S., JENNIE TERWILLIGER, 
Assistant Chemists. Clerks and Stenographers. 
Harry A. HARDING, M.S., ADIN H. Horton, 
Dairy Bacteriologist. Computer. 


Address all correspondence, not to individual members of the staff, but 
to the New YorK AGRICULTURAL EXPERIMENT STATION, GENEVA, N. Y. 

The Bulletins published by the Station will be sent free to any farmer 
applying for them. 





*Connected with Fertilizer Control. 
tAt Second Judicial Department Branch Station, Jamaica, N. Y¥. 
4] Absent on leave. 
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TWENTIETH ANNUAL REPORT 


OF THE 


Board of Control of the New York Agricultural 
Experiment Station. 


: TREASURER’S REPORT. 


GENEVA, N. Y., October 1, 1901. 


To the Board of Control of the New York Agricultural Experiment 
Station: 


As Treasurer of the Board of Control, I respectfully submit 


the following report for the fiscal year ending September 30, 
1901: 


GHNERAL EXPENSH, APPROPRIATION 1900-1901. 


Receipts. 
1900. ‘ 
Oct. Tee bor paianece: om hand) 256.) ewe ses tics © $2,742 26 
To amount received from 
PEOTICCOLIOTE te. sci e's ts Soars $18,750 00 
Less balance due appro- 
priation, 1899-1000... .... 3,750 00 


15,000 00 


$17,742 26 


[ ennenaa 


1900. 
Oct. 


1900. 
Oct. 


RePorRT OF THR TREASURER OF THB 


Expenditures. 

1 By building andirepaits..< as ate ere $780 57 
By chemical Su ppuese: cc ane 230 34 
By ‘contingent “expenses. 05 Seb Pee oe 804 45 
By Seedine. SUUlso eee siete eee 1,817 8&6 
By fentiizers? 4.5 <. <0ece cit eee eer 84 29 
Byvireicht and express wee °c eee 478 65 
By sur NicUre ANG Uk LULcsis vires sie eee 1,094 63 
By heat, ight and waterrrt iwi; fee... 2,033 45 
BYU DALY ome sets tee oaks cee eee 668 50 
By, Jivesstock 5303 cu eer ee 8 75 
By postage and stationery............. 884 91 
By publications 2. cde et nee eee 1,954 90 
By SClentING GO Para. We a we ie eee 151 50 
By seeds, plants and sundry supplies...  —- 1,673 15 
By tools, implements and machinery... 406 13 
By traveling expenses. os sso ales eee 958 61 

$14,030 69 
Bywpalance, October s) igu anes setae Oy llecoe 
$17,742 26 
SavLarins, APPROPRIATION 1900-1901. 
Receipts. 
ATSTo:Dalance osc eee tence eee : $5,648 66 
To amount received from 
SompLroller.. sees. see $28,750 00 
Less balance due appro- 
priation 1899-1900 ...... 5,750 00 
——————__ 28,000 00 
$28,648 66 





——— eee 


New YorkK AGRICULTURAL EXPERIMENT STATION, o 





Expenditures. 
1901. 
Oct. POLS VES AL ACLEN PRE Ayre yt (0 "sis sc % intel teal $21,860 07 
ES VRLI AG IEGE! sh 0 thurs cette ohete a tials tale. aleipl s taatele 6,788 59 
$28,648 66 
LApor. : 
Receipts. 
1900. 
Oct. aL ADA LANCE cer, , Wey ted AG Gets + 'e cis ele e wie’ $2,975 71 
To amount received from 
Gomptrouer .., ..gariiecs $15,000 00 
Less balance due appro- 
priation 1899-1900 ...... 3,000 00 
12,000 00 
$14,975 71 
Expenditures. 
1901. 
Oct. BL OMEN SLE be A Agree aoa uP $11,728 90 
Bre LL TIGER cette Sells teas: 4 cece d atin 3,246 81 


$14,975 71 


EXPENSBD OF BULLETINS AND ENFORCING PROVISIONS OF CHAPTER 
955, Laws or 1896.—APPROPRIATION 1898-1899. 


Recevpts. 
1900. 


Oct. Per Oe id Cer GILT AT Oio-u 2) creed Weraie avechvretete e's $6 20 





Lependitures. 


By postage and stationery............. $6 20 





4 Report OF THE TREASURER OF THE 


CoMMBRCIAL FrrtTiILizeRS, APPROPRIATION 1900-1901. 


1900. Receipts. 
Oct. d bescid ba oy WEEN TR cmepmeepmen ber Ste oN Farete ay or aut : $049 48 
To amount received from 
OOMmpLroler (3770. $12,000 00 
Less balance due appro- 
priation 1899-1900....... 2,000 00 
——————_ 10,000 00 
$10,549 48 
SS 
Expenditures. 
Oct. 1. By chemical supplies...........eee. es $507 23 
By'contingent expenses... < ...4 Nah : 4 O07 
By freight and express .u6: .esGelee 2. : 48 40 
By Heat, tight and watetout 2.8 gee 530 95 
By postage.and ‘stationery sats... ses 4 48 
By publications. .5.8 Pee eee aoa : 1,337 52 
By sahinies © 24e iS aas hice be eee 4,992 36 
By seeds, plants and sundry supplies... 138 O1 
By tools, implements and machinery.... 90 
ByatravelingiexpenBesy .. 0c os wsiereiees 778 40 
$8,342 32 
BY SDAIATICE< en's .c v0 am ain wielete apainvate Seer tee 2,207 16 


$10,549 48 








CONCENTRATED FREDING Sturrs INSPECTION, APPROPRIATION 
1900-1901. 


1900. Receipts. 
Oct. 1. To balanceson-nand 7s. 4. wees ee ee $329 44 
To amount received from 
Comptrollers: au ssuss wens $3,000 00 
Less balance due appro- 
priation 1899-1900... .< 500 00 


2,500 00 


2.899 44 


SRE REE 








New York AGRICULTURAL EXPERIMENT STATION. 








1900. Expenditures. 

Oct. Peo y *CONLINSeNL CEDENSCR. 6. c ease ese $1 388 
BVereIeN UNG GXPCESBS « spew ons, peyese 0's 10 20 

Py POS TAG eC) BUCY SUALIOTICL Ys. ..05 ss cace <0 123 70 

PVD UD CALIONS 22 tin tothe vcs «ota e wa0-0 664 76 

Tea SEAT ATTY. eee aed arene age ee mr 1,427 58 

By seeds, plants and sundry supplies... Uae 

By traveling expenses........ Ae ie Be 318 89 

$2,559 22 

balance, Ocrober, 11901 «ce cscs es te th 270 22 

$2,829 44 

Srconp JUDICIAL DEPARTMENT, APPROPRIATION 1900-1901. 
. Receipts. 
1900-1901. 
To amount received from Comptroller... $8,355 10 
Expenditures. 

PAVE CHOC! SUD HICH 17). 0 sls e,0/nia we 6 $71 80 

By contingent) expenses y isaac difstien wc 38 50 

eye Pe tl PCO U Sten craters iwi) ciara ai c'ale ccc 9) x «0°» 12 70 

PPV CCTPDT ANG CKRPLCBA : on ac cael ee eek o's 28 78. 

By furniture and fixtures vos. ea v.8 18 42 
ibyneat, Neht and, water ent. 2. yee we 10. 73 27 

Meet LOTS 5. eis<a's <Pa Meieelacatstetereritet «mans erence 702 96 

Leh ACT NS es at lr oleae Pon ie Ce CL eee 52 10 

Tay DOktage ANd Sta WOnery.4% ee a. ww 37 87 
ROSELL AIG EL LION satiate holes 's ayer era. #) Peaitel vera. © 1,782 47 

Sie SHNATIOS saa CIA AED. cos 6 ce Co sib ole. e ele 3,753 96 

IS VeRGICH LINC ADDELATUN faces es es a aleletiae 85 

By seeds, plants and sundry supplies... 214 50 

By tools, implements and machinery.... 165 38 

Eye Loavelin os EX PETISC Saas ae ste ete ahs 4s She 735 63 

EY VEL CAV LS src ol cretele ¢. theie'sc ues Ge hated 4d io eikl ens 465 91 

$8,355 10 


6 Report or THR TREASURER OF THE 


Panis Grepn Law, Appropriation 1898-1899. 


Receipts. 


1900-1901. 
To amount received from Comptroller. . $250 80 
Hapenditures. 


By spublicationsyee stasis wee tees $250 80 


SpecaAL APPROPRIATION, BuILDING AND Repairs, APPROPRIATION 


1898-1899. 
Receipts. 
1900-1901. 
To amount received from Comptroller.. $117 69 
EHapenditures. 


By Duuding vind re paics oe ie oiate ee $117 69 


FrrRriLizeR LICENSP, CHAPTER 955, Laws 1896, AMENDED BY 
CHAPTER 687, Laws 1899. 
Receipts. 


1900-1901. 
To amount received for fertilizer license. $10,880 00 


Expenditures. 
By amount remitted to Treasurer State 
of New. York. ii, Pte. Ease ote $10,880 00 


Feepine Strurrs Licensp, Cuaprer 338, Laws 1893, AMPNDED BY 
CHAPTER 510, Laws 1899. 


Receipts. 
1900-1901. 
To amount received for feeding stuffs 
LiCGIR GS rtp tee aoe es eee ae wees $3,150 00 
EHapenditures. 


By amount remitted to Treasurer State 
OL New -Y ork. 225th eee eerie $3,150 00 








New York AGRICULTURAL EXPERIMENT STATION. 7 


SPECIAL APPROPRIATION 1900-1901, Dirmcror’s Housm 


Receipts. ~ 
1900-1901. 
To amount received from Comptroller. . $6,981 76 


EHaxpenditures. 


By construction Director’s house....... $6,981 76 


Tap Unrrep Strats ApprRopRIATION, 1900-1901. 
jab ; 
To receipts from the Treasurer of the 
United States as per appropriation for 2 


fiscal year ending June 30, 1901, as per 
act of Congress approved March 2, 





EP Mts citiotee gs ofthe aa oh voslaial als tc © Pidje sie tie $1,500 00 
Cr. 

EP OU DLICUULCC MM, tices cate ox cists ete Se $803 15 
By postage and stationery... 2... e's. 50 
By heat, light, water and power........ PAL aS, 
imi Hedacep ne pRice a OMG 09 0) 6) AT Ree ee an aa ee 33 50 
By seeds, plants and sundry supplies... EGA le 
Ee yetCC Ue REISS ial t chee atta ee ah aks 82 09 
Les g TTR WEN) 20 OB AS re Pe a 62 09 
Py FUngIUUre and TIXTULES +. vv oa eee oe 75 00 
PeyesCICUlLING APDALALUSe otters ite ta tain 6 69 44 
Beye UPA VeLLNS CX PCTINCS To." aes cloveiste oie 126 04 
BYSCOIUU Gen. OX PCUSCS.y, oadin ess de serie (Orhe 


$1,500 00 


All expenditures are supported by vouchers approved by the 
Auditing Committee of the Board of Control and have becn 
furnished the Comptroller of the State of New York. 

WILLIAM O’HANLtON, 


Treasurer. 
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DIRECTOR'S REPORT FOR 1o0r.* 


To the Honorable Board of Control of the New York Agricultural 
Heperiment Station: 

Gentlemen.—I have the honor to present herewith a report 
for the year 1901 of the institution under your charge. As in 
former years, this report, outside of the matter dealing with the 
various lines of inspection, is made up chiefly of the results of 
investigations and experiments of a scientific or -semi-scientific 
character. In other words, it is mainly a presentation of the 
outcome of efforts to study problems or conditions important 
to the practice of agriculture and is not intended, for the most 
part, to convey information of a common or general character. 
This is in accordance with the well established policy of holding 
the Station to the work of investigation rather than of instruc- 
tion, a policy entirely harmonious with fundamental con- 
ceptions and the legal provisions applying to this institution. 

The contents of this report make it very evident also that, 
excepting the inspection work, the members of the Station staff 
are dealing largely with problems particularly affecting the 
dairy and horticultural interests, a condition of things quite 
consistent with the status and demands of the agricultural 
industries of New York. Dairying is predominant in the stock 
husbandry of the State and the commanding importance of our 
vardening and fruit interests cannot be denied by any one 
familiar with the facts. Moreover, in dairying and fruit grow- 
ing there come to the front certain questions of a chemical, 
botanical, bacteriological or entomological character, so specific — 
and so well defined, that they offer promising and useful oppor- 








*A reprint of Bulletin No. 211. 
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tunities for research. In addition to the above considerations, 
the dairymen and fruit growers are well organized for discus- 
sion and for the insistent presentation of their needs and so 
are likely to receive their full share of attention at the 
hands of this or any other State institution which is concerned 
with their interests. 

STATION STAFF, 

Several changes have occurred in the Station staff during the 
past year. Heinrich Hasselbring, B.S.A., Assistant in Horti- 
culture, was called, at an increased salary, to the position of 
Assistant Botanist in the agricultural department of the Uni- 
versity of Illinois. His place has been filled by the election of 
Nathaniel O. Booth, B. Agr., who previously occupied a similar 
position in the University of Missouri. Mr. Booth is a graduate 
from the University of Missouri in-the course in agriculture, 
and before coming to New York had shown himself capable of 
successful work in experimental horticulture. 

Amasa D. Cook, Ph.C., after serving the Station for more than 
eight years as Assistant Chemist, resigned his place at the end. 
of his year’s leave of absence in order to continue his studies 
at Cornell University. 

Edwin B. Hart, B.S., returned from Europe in August after 
a year’s study with, Professor A. Kossel, Marbourg, and at 
Heidelberg, Germany, where he devoted his attention chiefly 
to the chemistry of the proteids. 

Harry J. Eustace, B.S., a graduate from the Michigan Agri- 
cultural College, was selected as student assistant in botany and 
will spend the larger part of 1902 at the Station, devoting some 
weeks to special studies at Cornell Uuniversity. 

It was decided by vote of your board to abolish the position 
of Second Assistant Horticulturist and create a new position 
to be known as Foreman in Horticulture. After competitive 
‘examination Orrin M. Taylor was selected for that position, and 
has entered upon his duties in immediate supervision of the 
practical execution of expcriment details in the orchards, 
gardens and forcing houses. 
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J. Arthur LeClerc, B.S., was granted one year’s leave of 
absence for further study, to take effect September 1, 1901. Mr. 
LeClere is now in Europe. 


BUILDINGS AND EQUIPMENT. 


The completion of a house for the Director of the Station 
. marks another step in the progress of the institution. It is 
gratifying to note that the legislature of 1901 appropriated 
$8,500 for the repairs of the original Station building so long 
jointly occupied by the Director’s family and part of the busi- 
ness offices. It is expected that before another year elapses all 
the administrative work of the Station will be located in this 
building in such a way as to greatly increase convenience and 
efficiency. 
THH MAILING LIST. 

The mailing list has reached the highest point since the estab- 
lishment of the Station. Its growth is steady, and because its 
enlargement is not forced by any special effort, it measures in a 
general way the rate of development of the influence of the 


Station. 
POPULAR BULLETIN LIST. 
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WORK IN THE SECOND JUDICIAL DEPARTMENT. 


In 1894 special work was instituted in the Second Judicial 
Department. This effort was doubtless brought about by the 
conditions prevailing in the immediate vicinity of New York 


12 DiIRECTOR’sS REPORT OF THE 


City where long established and intensive agriculture had come 
to have serious problems relating to fungoid and insect pests. 

It was thought best by those administering the affairs of the 
Station at that time to establish a branch office at Jamaica, 
L. I., as a center from which to work. This was probably a wise 
arrangement under the conditions then prevailing. Since that 
time the Station has become more fully organized into well 
defined departments and it is now clearly good policy to so 
rearrange the administration of our outside experimental work 
as to bring the responsibility and details directly to the several 
departments of the Station. Moreover, there appears to be no 
eood reason for the extra expense attending a branch office 
because of duplication of men and equipment. Acting in accord- 
ance with these views your Board voted to discontinue the 
branch office at Jamaica after June 30, 1902. It is definitely 
understood that this action is in no way to affect the character 
or extent of the experiments conducted in Eastern New York 
unless it have the effect of enlargment and greater efficiency, 
and any assertions to the contrary by the uninformed should be 
discredited. 

INSPECTION WORK. 

The inspection of fertilizers, feeding stuffs, Babcock glassware 
and insecticides has come to absorb a generous share of the 
energy of the Station staff. 

The data collected for 1901 is briefly summarized in what 
follows: 

Inspection of fertilizers—During the year 1901, there were col- 
lected for analysis 963 samples of commercial fertilizers, repre- 
senting 456 different brands; of these 324 brands were complete 
fertilizers. The average amounts of plant-food constituents ° 
found and guaranteed are as follows: 


Available, 
Nitrogen. phosphoric acid. Potash. 
Per ct. Per ct. Per ct. 
Fuaranteed 7248s co ete ee REL Ls - 1.89 of false. 4.13 
MOund sacha fous tees od arte 2.0r 8.80 4.47 


In six cases, the nitrogen and phosphoric acid were more than 
0.5 per ct. below guarantee; in 16 cases, the potash was more 
than 0.5 per ct. below guarantee. 
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The retail selling price of complete fertilizers averages $25.71 
a ton, while the retail cost of the separate ingredients, unmixed, 
averages $19.81, or $5.90 a ton less than the selling price. The 
average cost of one pound of plant-food in mixed fertilizers to 
consumers is as follows: nitrogen, 20.8 cents; available phos- 
phoric acid, 6.2 cents; potash, 5.9 cents. 

In 1901, 82 manufacturers paid license fees on 550 different 
brands of fertilizers. The requirement of a license fee has 
reduced the number of brands offered for sale from 2,268 to 550. 

The mspection of conmercial feeding stuffs—The outcome of 
the inspection of feeding stuffs is given in Bulletin No. 198. 
It is shown that 92 manufacturers complied with the law by 
registering the guaranteed composition of 126 brands, and pay- 
ing the required license therefor. Sixty-six of these brands were 
standard feeding stuffs having more or less fixed or definite char- 
acteristics, while 60 were feeds compounded from various manu- 
facturing offals, the majority of which contained some inferior 
ingredient. 

The analyses of 297 samples taken by representatives of the 
Station are reported, representing 98 brands inspected in the 
fall of 1900 and 101 brands found in the winter of 1901. 

The unmixed or standard goods were found to be of fairly 
uniform quality and practically as good as the guarantees, 
except in a single instance. The discrepancies occurred with the 
mixed goods, many of which contained oat hulls, as shown by 
the percentage of crude fibre present. 

Adulteration of corn meal and other grain products appears to 
be practiced. On the whole, it can be said with good reason 
that the compounding of feeds and the use of inferior materials 
for adulteration is a serious menace to the prosperity of the 
etock keeper if he continues to buy cattle foods freely, These 
mixtures are inferior in quality in most instances and are sold at 
prices relatively too high. 

Inspection of Paris green and other insecticides.—In forty sam- 
ples of Paris green examined, the amount of arsenious oxide 
varied from 56.13 to 62.87 per ct., with an average of 58.10 per 
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ct.; the water-soluble arsenious oxide, from 0.88 to 2.64 per ct., 
with an average of 1.28 per ct.; the copper oxide, from 26.53 to 
31.14.per ct., with an average of 29.88 per ct., and the arsenious 
oxide in combination with copper, from 49.70. to 57.72 per ct., 
with an average of 55.98 per ct. These results indicate that the 
Paris green in the market during 1901 was of good quality in 
every respect. 

Inspection of Babcock glassware—tIn 1901 the Station tested 
glassware for seventy-seven cheese factories and creameries, 
including 3,473 milk test bottles, 56 cream bottles and 97 
pipettes. Of these 119 were found incorrect and rejected. 

The Station is not required to inspect cheese factories and 
creameries to determine whether they are complying with the 
law as to Babcock glassware. The responsibility in respect to 
this compliance rests entirely with those having the manage- 
ment of the factories and creameries. 


ANIMAL HUSBANDRY. 


¢ 


The food source of milk fat—The results reported in Bulletin 
No. 197, relating to the food source of milk fats, were in con- 
tinuation of the investigations discussed in Bulletin No. 132. 

The conclusion reached in the former experiment that part, 
at least, of the milk fat comes from the carbohydrates is con- 
firmed; and other facts relating to metabolism and the utiliza- 
tion of food by milch cows are brought out. 

Three cows were used: Cow 12 fed a fat-poor ration in which 
the protein supply was gradually decreased from 2.6 lbs. daily to 
1.6 lbs. and then gradually restored to the maximum, with 
accompanying increase and decrease in carbohydrates so that the 
digestible dry matter of the ration was kept fairly uniform; 
Cow 10 fed a ration with normal supply of fat at first which was 
gradually increased to 1.4 lbs. daily, then gradually restored to 
the normal; Cow 2 fed the herd ration having a nutritive ratio 
about 1:5.6. These rations were quite varied in character and 
contained some fat-extracted foods; yet they showed a quite uni- 
form digestibility of about 70 per ct. of the dry matter. It is 
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believed that this figure represents fairly the digestibility of 
‘ations made up in part of silage and containing a fair propor- 
tion of high-class grains. A widening of the nutritive ratios 
appeared to render rations less digestible, especially the protein. 
The marked changes in protein content and in fat content of 
rations did not produce noticeable changes in the character or 
composition of the milk. In the former test, during 59 days, 
18.4 lbs. of fat was formed in the milk which could not have 
had its source in food fat or food protein and could hardly have 
been drawn from the cow’s body fat as she increased in weight 
do Ibs. in the same time. In the second test Cow 12 in 74 
Gays produced 39 Ibs. of fat similarly: unaccounted for, with 
a body gain of 15 lbs., and Cow 2 in 4 days, 14 lbs. These 
amounts of fat must have come from the carbohydrates in the 
food. 

A lessening of protein supply in the food did not produce a 
corresponding decrease of protein in the milk solids, but caused 
a marked lessening of protein decomposition in the body. Calo- 
-rimeter determinations show that the heat value of urine bears 
no constant relation to its nitrogen content, and also prove that 
the formula used in computing heat energy of urine, Nx5.3438 
Cal., is greatly in error, actual results being from 3 to 4 times 
as large as calculated by this formula. The energy value of 
nutrients as given by Rubner-——protein and carbohydrates each 
4.1 Cal. and fats 9.3 Cal.—appear to be fully high enough for 
herbivora, even when the loss due to escape of unoxidized gases, 
methane chiefly, is not considered. 

Over 40 per ct. of the available energy value of the rations 
was used for maintenance, over 380 per ct. reappeared in the 
milk solids, leaving a balance of from one-fifth to one-fourth of 
the ration. The logical conclusion is that this balance, in part 
at least, sustains the work of milk secretion. 

The immediate effect on milk flow of changes in the composition of 
the ration.—A large number (nearly 1,000) of the individual 
records from a daily herd have been averaged according to 
different relations in the constituents of the food to show the 
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general tendency of certain changes to affect the milk flow, 
Observations were made in this case only in regard to the im- 
mediate effect of these changes. 

Only rations which approximated those of the common feed- 
ing standards were considered. Within these limits changes in 
the amount of total digestible organic matter showed a greater 
and more constant influence than any other. An increase in 
amount of the total nutrients had a generally favorable effect 
on the milk yield, and a reduction an unfavorable one, either 
when the amount was more or less than the 15.5 lbs. per day 
for each 1,000 lbs. live weight. 

Changes in the fuel value of the ration showed effects cor- 
responding to those in amount of total nutrients both above and 
below the value of 30,000 Calories. 

Changes in the protein content of the ration within the ordi- 
nary limits showed less effect than changes in the amount of 
nutrients. In general an increase in the amount of protein up 
to 2.5 Ibs. per day for each 1,000 lbs. live weight affected 
the milk flow favorably. Above that amount, for ordinary cows, 
a reduction had a favorable effect. 

The effects of changes in the nutritive ratio corresponded in 
a general way to those following changes in the protein content. 


DEPARTMENT OF BACTERIOLOGY, 


Much of the work performed in the department was a union 
of effort with the chemical department in studying the factors 
which are operative in the curing of cheese and so far -as 
reported this is summarized in what is presented from the 
chemical department. Study has also been given to certain 
cheese troubles, a report of which will be made after the accu- 
mulation of further data. 


DEPARTMENT OF BOTANY. 

Currant anthracnose.—In the Hudson Valley there has been an 
epidemic of currant anthracnose, a fungous disease which 
causes the leaves to fall prematurely. Much damage was done. 
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In some cases the yield of fruit was reduced one-half. This 
unusual outbreak furnished an excellent opportunity for the 
study of the disease. It has been discovered that the fungus 
attacks not only the foliage, but also the fruit, fruit stems and 
‘anes; that some varieties, notably Wilder and Prince Albert, 
are very resistant to the disease; and that plants in high situa- 
tions on dry soil are more affected than those growing in low 
situations on moist soil. There is no cause for alarm. It is 
improbable that the disease will continue to be destructive, but 
in case it should do so it can probably be controlled by spraying 
with Bordeaux mixture. 

Trouble with pears in a nursery cellar—The Station Botanist 
has investigated a case in which pear trees stored in a nursery 
eellar were severely injured by being thawed too quickly. The 
sand around the roots of the trees had become frozen and to 
facilitate the removal of the trees a small wood fire was built 
to thaw the sand. The tops of 25,000 trees were blackened and 
killed. Had the trees been thawed very gradually it is prob- 
able that no injury would have resulted. 

Cherry shot-hole fungus.—Heretofore it has been supposed that 
the common shot-hole fungus of plums and cherries, Cylindro- 
sporium padi, confines its attacks to the leaves; but during the 
past season the discovery has been made that, on sour cherries, 
it also attacks the fruit pedicels with great severity. This dis- 
covery is of scientific interest chiefly and has ne important bear- 
ing on the treatment of the disease. ; 

Anthracnose of cultivated snapdragon.—Our last report con- 
tained an account of a destructive anthracnose affecting the 
Antirrhinum or cultivated snapdragon. Recently it has becn 
discovered that the same disease attacks the yellow toad-flax, 
Linaria vulgaris, a common weed closely related to the Antir- 
rhinum. This fact makes the prevention of the disease some- 
what more difficult than we have supposed it to be. 

Imperfect fertilization of peaches.—Through imperfect fertiliza- 
tion of peach blossoms there may come about a condition some- 
what resembling the dreaded “ little peach ” disease. However, 
9 


hed 
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the two troubles may be readily distinguished by the fact that 
imperfectly fertilized peaches have undersized pits containing 
no kernel or else only a partially developed one; whereas, in tle 
“little peach ” disease the pit is of normal size and contains a 
well developed kernel. 

Tile drain clogged by fungus.—At Milton, N. Y., the three-inch 
tile drain to a vinegar cellar became completely clogged by an 
unusually luxuriant growth of the fungus Leptomitus lacteus. 
The obstruction was readily removed by placing a handful cf 
copper sulphate crystals in the upper end of the drain. 

Fungus in refrigerators —The water pipes to refrigerators 
often become clogged with a dark-gray, slimy substance. The 
principal part of this slime consists of a fungus which is a vege- 
table growth and not an accumulation of matter from the ice. 
It may’ be removed by occasionally -pouring boiling water 
through the waste pipe. 


DEPARTMENT OF CHEMISTRY. 


Conditions affecting checse curing. (1) Conditions affecting loss 
of weight—Loss of weight in cheese during ripening is due 
mainly to evaporation of moisture from cheese and, at long-con- 
tinued temperatures above 70° F., to leakage of fat. Loss of 
weight varies with following conditions: (1) Amount of moisture 
originally in cheese; the greater the percentage of moisture in 
the cheese the more rapid and greater the loss of moisture. 
(2) Temperature of curing-room; the higher the temperature 
the greater and more rapid the loss of moisture. (38) The degree 
of saturation with moisture in air of curing-room; the more 
moist the air the less rapid the loss of weight. (4) The size and 
Shape of cheese; increase of height or diameter of cheese 
decreases the rapidity of relative loss of weight. (5) The tex- 
ture of cheese; the closer and more solid the texture, the less 
rapid the loss of moisture. 

These results point conclusively to the necessity of providing 
curing-rooms in which the conditions of moisture and tempera- 


ture can be controlled. Lower temperatures with proper 
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amount of moisture in air result in larger amounts of cheese to 
sell and at the same time cheese of better quality. 

(2) A study of enzymes in cheese—Methods of making and curing 
cheese improve slowly, because we do not yet know with cer- 
tainty what agent or agents are the causes of cheese ripening. 
During the past three years the chemical and bacteriological 
departments have been making a careful study of the factors 
that are commonly regarded as the active ones in producing 
ripening of cheese. The results, as far as published, appear to 
indicate that neither the enzymes secreted in cows’ milk nor 
those produced by bacteria in the milk previous to its being 
made into cheese are to be regarded as the most prominent 


factors in normal cheese ripening. 


DEPARTMENT OF ENTOMOLOGY. 


Spraying experiments with crude petroleum.—sSeries I of these 
tests included the experiments to determine the effect of crude 
petroleum upon normal trees, and Series II the experiments to 
determine the percentage of petroleum in an emulsion with 
water required to kill the San José scale. Three hundred and 
twenty-one fruit trees were included in these experiments, con- 
sisting of apples, cherries, pears, peaches and plums. The 
results were fairly uniform. In the experiments of Series I no 
injury was caused by the 25 per ct. emulsion except to peach 
trees, but in every-case 40 per ct. and higher pcrcentages 
caused serious injury to European plum trees, and to apple trees 
when the emulsion was applied during the fall or winter. Early 
spring applications of the 40 per ct. emulsion did not injure 
apple trees. Pear and cherry trees were not harmed by the 
emulsion or undiluted petroleum even when applied during the 
fall or winter. 

The experiments to ascertain the percentage of petroleum 
required to kill the hibernating scales also gave uniform results. 
The 25 per ct. emulsion failed to affect the scales materially 
while the 40 per ct. and higher percentages killed them in every 
instance. 
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Taken as a whole these experiments indicate the following: 


1. Vigorous trees are probably less liable to injury by crude 
petroleum than weak ones. 

2. Peach and plum trees are more sensitive to crude petro- 
leum than apples, cherries or pears. 

3. There is less danger of injury if trees are sprayed in early 
spring than during the fall or winter. 

4, The 25 per ct. emulsion of crude petroleum and water can- 
not be depended upon to kill the hibernating scales in the 
latitude of western New York while the 40 per ct. has proven 
efficient. 

5. Much pains should be taken to avoid over-drenching the 
trees. Only enough of the emulsion should be applied to wet 
_ the bark evenly and thoroughly. 

Washes.—The resin-lime mixture and government whitewash 
did not adhere to the trees well and apparently had but little 
effect on the scales. 

Funigation—The fumigation experiments in western New 
York with hydrocyanic acid gas were also divided into two 
series. Series I included the experiments to determine the 
effect of the gas upon bud sticks for budding purposes, and 
Series II the strength of the gas required to kill the hibernating 
scales. In both series the gas was used at strengths varying 
from .18 to .3 gram of cyanide of potassium per cubic foot of 
air space. The exposure of the buds to the gas varied from one- 
half hour to one hour. 

The experiments with buds, while not entirely satisfactory 
owing to the somewhat unfavorable conditions surrounding the 
treated buds, gave sufficiently uniform results to indicate clearly 
that the gas is harmless except in the case of the peaches, which 
were evidently injured slightly by the gas at .8 gram of cyanide. 
There was but little difference in the percentage of treated buds 
that set and the checks. -In all 4,488 buds were treated, 78 per 
et. of which set. The checks numbered 4,864, of which 85.5 per 
ct. set, making but a slight difference in their favor. This differ- 
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ence was probably due in large part to imperfect protection and 
accidents to the treated buds after setting. 

The experiments of Series II resulted in a failure to kill the 
scales during the winter with gas of less strength than .3 gram 
of cyanide. The spring treatment gave different results. The 
gas at a little more than half the strength (.18 gram) killed the 
scales in every case and did not injure the foliage. 

In tests made on Long Island the conclusion was reached that 
it is possible to exterminate the scale in small, isolated orchards 
of small trees by fumigation. Under favorable circumstances 
the gas from .15 gram of cyanide per cubic foot of space sufficed 
to kill the scales; but where the fumigation is done over damp 
soil, or when the trees are wet, it is best to use twice this 
amount as the gas is rapidly absorbed by water, thus reducing 
the percentage in the air. It is safe to use gas of this strength 
(.3 gram of cyanide per cubic foot) for fram 380 to 60 minutes 
upon all dormant orchard trees. 

Trials of different proportions of cyanide, acid and water in 
the formula for generating the gas in fumigation showed that 
1 part of lump cyanide by weight, 14 times as much acid by 
volume and 3 times as much water by volume gave complete, 
rapid and not too violent chemical action. This formula differs 
but slightly from the commonly used formula (1—-1$—2}); so that 
the latter may be followed if preferred, using a little more water 
if the action seems too violent. 

Promising imsecticides.—Certain insecticides which were tried 
as most promising remedies for the San José scale, but which 
require further tests to demonstrate their value are whale-oil 
soap and crude petroleum compound, the lime-sulphur-and-salt 
wash and a kerosene-lime emulsion. 

Modification of the Station fumigator.—This consists of a new 
method of holding the door in place. Instead of buttons, four 
strips extend across the front of the door and project about 
three inches on each side. The projecting ends are cut on a 
bevel and fit against corresponding surfaces of blocks fastened 
to the sides of the fumigator. As the door is pressed down it 
is forced securely into place. 
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Hexagonal folding fumigator—For the work on Long Island a 
new form of fumigator was devised, which possesses some 
advantages over all other forms. This is hexagonal in form, 
with sides hinged to allow of folding into compact form for 
transportation and storage, and with removable folding top. In 
operation the box is held rigid by the top and by braces at the 
bottom. Two sides and part of the top swing back easily to 
allow of placing the fumigator about the tree to be treated. The 
hexagonal form avoids waste space about the tree. 


DEPARTMENT OF HORTICULTURE. 


The forcing of lettuce has come to be one of the important 
industries connected with market gardening in this and adjacent 
States. In 1895 a line of experiments was undertaken at this 
Station bearing upon practical problems which are to be met in 
the business of forcing lettuce. The first report on this line of 
work was given in 1898, in Bulletin 146, and also in the Station’s 
Annual Report for that year. This report treated of ‘ Soil Mix- 
ture for Forcing Lettuce,” and “The Use of Commercial Fer- 
tilizers in Forcing Head Lettuce.” In the conclusions therein 
set forth it was stated that when the soil was fertilized with 
heavy applications of stable manure no advantage seemed to fol- 
low the addition of either sulphate of potash, acid phosphate or 
nitrate of soda. On the clay loam mixed with 154 per ct. stable 
manure by weight a slight increase in growth followed the addi- 
tion of nitrate of soda. Since 1898 the investigations have been 
continued each year for the purpose of gaining further informa- 
tion on the economical use of commercial fertilizers in forcing 
lettuce either when used alone or in combination with stable 
manure. Nitrogenous commercial fertilizers were tried alone 
and in combination with various percentages of manure. The 
tests were made with loose lettuce and head lettuce both ona 
medium clay loam and a light sandy loam. The nitrogenous 
commercial fertilizers which were compared were nitrate of 
soda, at the rate of 600 lbs. per acre, sulphate of ammonia 480 

Ibs. per acre, dried blood 1,000 lbs. per acre, and a combination | 
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of 850 Ibs. of dried blood and 100 Ibs. nitrate of soda per acre. 
The amount of nitrogen thus applied was approximately the 
same in each case. 

The use of these commercial fertilizers with no manure was 
followed by a much better yield of lettuce than that produced 
by similar soil not fertilized. On the clay loam the use of the 
nitrate of soda without manure was followed by a better yield 
than followed the use of either sulphate of ammonia or dried 
blood without manure. On the sandy soil without manure dried 
blood generally gave better results than either the sulphate of 
ammonia or the nitrate of soda. With sulphate of ammonia 
and no manure the yields were very variable. These nitrogen- 
ous fertilizers alone, in the amounts applied, proved inadequate 
for forcing lettuce in a sufficiently short time to be profitable. 
Very much better crops were obtained when stable manure was 
added. 

The higher percentages of manure when combined with the 
nitrogenous commercial fertilizers above named obscured the 
action of the latter so that it was not possible to decide that any 
advantage was obtained from adding them with the manure. 
With the smaller percentages of manure (5 per ct. and 10 per 
et.) the addition of dried blood gave in the aggregate better 
results than either nitrate of soda or sulphate of ammonia simi- 
larly combined. 

When 5 per ct. of manure was added to the soil with the com- 
mercial fertilizers referred to, the yields were invariably very 
much increased over those obtained with the same fertilizers 
and no manure. Double, triple and quadruple portions of 
manure increased the yield of the first crop but not to a ‘cor- 
responding extent. With succeeding crops the cumulative effect 
of successive heavy applications of manure was seen in the 
actual decrease of the yield below that obtained with more mod- 
erate applications of manure. 

In forcing lettuce it is not uncommon for gardeners to use 
from 5 per ct. to 20 per ct. of manure. The amount which they 
use doubtless most often approaches the 20 per ct. rate. In 
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these experiments repeated applications at the rate of 15 per ct. 
to 20 per et. of manure proved not only wasteful of manure but 
also lessened the yield. 

As in the previous experiments reported in Bulletin 146 the 
clay loam gave better crops of lettuce than the sandy loam when 
both were given equal amounts of stable manure. 

The amount of manure which it is economical to use in forcing 
lettuce necessarily varies with the character of the manure and 
of the soil. It aiso would vary to some extent with the differ- 
ence between the prices received for fancy lettuce and those 
received for the ordinary grades. For these rasons definite 
amounts cannot be recommended. 


CROP PRODUCTION. 


Commercial fertilizers in onion growing.—Experiments in the 
use of different quantities of a complete fertilizer in growing 
onions were conducted at Florida, Orange Co., N. Y., for four 
years on the same field and for one year on a field of another 
farm. 

The quantities of fertilizer used per acre were none, 500 Ibs., 
1000 Ibs., 1500 Ibs. and. 2000 Ibs. 

On the Purdy field (4 years), when only 500 Ibs. of fertilizer 
was used the manure cost of the increase of crop was 16.6 cts. 
per barrel; with 1000 lbs., 79.3 cts., with 1500 lbs., 80.4 cts., and 
with 2000 Ibs., 227.8 cts. 

The profit from using the fertilizer came mostly from the first 
500 Ibs. applied, averaging $35.84 per acre. With onions at 
$1.25 per barrel the profit was slightly larger (about $3 per 
acre), with both the 1000 Ibs. and 1500 lbs. of fertilizer per acre; 
but 2000 lbs. was used at a loss. 

On the Mars field one experiment was conducted which showed 
no increase of yield from applying commercial fertilizer even in 
the larger quantities. 

The results of these experiments show clearly that the crops 
were limited more by other conditions than by the extent of the 
plant food supply. With the best conditions of season and water 
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Supply the smallest amount of fertilizer supported the maximum 
crop. 

Considering the varying market price of onions from one year 
to another and the various vicissitudes to which the crop is sub- 
jected, the use of the larger quantities of fertilizer (above 500 
Ibs.) was attended by danger of financial loss. 

Effect of manures on sugar beets—These experiments were 
undertaken to test the accuracy of the statement that sugar 
beets are of an inferior quality when grown on land to which 
stable manure is applied in the spring. 

The experiments have been conducted during four consecutive 
years, mostly on the Station farm. Comparisons have been made 
of the quality of beets not manured, those grown with commer- 
cial fertilizer, mostly 1000 lbs. per acre, and those grown on land 
receiving in the spring, before planting the beets, from 40,000 
lbs. to 80,000 Ibs. stable manure per acre. Beets from at least 
Six varieties of seed were grown during the four years. 

The results are almost unanimous in one direction. The beets 
have been of high quality with all three methods of treatment, 
averaging somewhat better with the farm manure than with no 
manure or with commercial fertilizers, 
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REPORT OF THE DEPARTMENT OF 
ANIMAL HUSBANDKY. 


tee tOOD “SOURCE “OF MILK FAT;~ WITH 
STUDIES ON THE NUTRITION 
OF MILCH COWS.* 


W. H. JORDAN, C. G. JENTER AND F. D. FULLER. 


The tests herein reported are in continuation of one given in 
Bulletin 132 relating to the food source of milk fats. The 
conclusion reached in that experiment, that part, at least, of 
the milk fat comes from the carbohydrates, is confirmed; and 
other facts relating to metabolism and utilization of food by 
milch cows are brought out. | 

Three cows were used: Cow 12 fed a fat-poor ration in which 
the protein supply was gradually decreased from 2.6 lbs. daily 
to 1.6 lbs. and then gradually restored to the maximum, with 
accompanying increase and decrease in carbohydrates so that 
the digestible dry matter of the ration was kept fairly uniform; 
Cow 10 fed a ration with normal supply of fat at first which 
was gradually increased to 1.4 lbs. daily, then gradually restored 
to the normal; Cow 2 fed the herd ration having a nutritive 
ratio about 1:5.6. These rations were quite varied in character 
and contained some fat-extracted foods; yet showed a quite 
uniform digestibility of about 70 per ct. of the dry matter. It 
is believed that this figure represents fairly the digestibility of 
rations made up in part of silage and containing a fair propor- 
tion of high class grains. A widening of the nutritive ratios 
appeared to render rations less digestible, especially the pro- 
tein. The marked changes in protein content and in fat content 
of rations did not produce noticeable changes in the character 





*A reprint of Bulletin No. 197. 
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or composition of the milk. In the former test, during 59 days, 
18.4 Ibs. of fat was formed in the milk which could not have had 
its source in food fat or food protein and could hardly have 
been drawn from the cow’s body. fat as she increased in weight 
33 Ibs. in the same time. In this test Cow 12 in 74 days pro- 
duced 39 lbs. of fat similarly unaccounted for, with a body gain 
of 15 lbs.; and Cow 2, in 4 days, 14 Ibs. These amounts of fat 
must have come from the carbohydrates in the food. 

A lessening of protein supply in the food did not produce a 
corresponding decrease of protein in the milk solids, but caused 
a marked lessening of protein decomposition in the body. 
Calorimeter determinations show that the heat value of urine 
bears no constant relation to its nitrogen content, and also 
prove that the formula used in computing heat energy of urine, 
Nx5.348 Cal., is greatly in error, actual results being from 3 to 
4 times as large as calculated by this formula. The energy 
values of nutrients as given by Rubner,—protein and carbohy- 
drates each 4.1 Cal. and fats 9.3 Cal. appear to be fully high 
enough for herbivora, even when the loss due to escape of 
unoxidized gases, methane chiefly, is not considered. 

Over 49 per ct. of the available energy value of the rations 
was used for maintenance, over 30 per ct. reappeared in the 
milk solids, leaving a balance of from one-fifth to one-fourth of 
the ration. The logical conclusion is that this balance, in part 
at least, sustains the work of milk secretion. 


INTRODUCTION. 


Bulletin No. 132 of the New York Agricultural Experiment 
Station presented the results of an experiment to determine the 
sources of milk fat as related to the food supply. The main con- 
clusion therein stated was that milk fat can be formed in part, 
at least, from carbohydrates, the data of the experiment point- 
ing to this conclusion in a most convincing way. It was felt, 
however, that so important a generalization, if correct, should 
be supported by results secured with more than one animal. 
An opportunity was desired also for enlarging the scope of the 
observations. Experiments have been conducted, therefore, 
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with three other cows and the data thus obtained not only fur- 
nish additional evidence concerning the main question of the 
source of milk fat but have been used in studying other ques- 
tions relating to the metabolism of the milch cow. The publica- 
tion of the results secured has been much delayed, largely 


because of the great amount of work involved in the 
investigations. 


THE PLAN, MATERIALS AND PROCEDURE OF THE 
EXPERIMENTS. 


THE FORMER BXPERIMENT. 


In the experiment previously reported the cow was fed a nor- 
mal ration for a time; then, for 95 days, she was given foods 
that, because of extraction, contained very small proportions of 
ether extract. 

During 66 days the solid and liquid excreta were collected for 
analysis and daily analyses of the milk were made for a longer 
period. The quantity of the ration and the nutritive ratio were 
varied in a way calculated to show the influence of the protein 
supply upon fat secretion. The experiment was so planned as to 
make it impossible for the milk fat to have its source wholly in 
the protein and ether extract of the food and so long continued 
that any material draft upon the body of the cow for milk pro- 
duction would produce a marked change in the condition and 
weight of the animal. (For details see Bulletin 182.) 


THE NEW EXPERIMENTS. 


The later experiments involved the use of three cows quite 
unlike in their characteristics and productive capacity, each of 
which received a ration distinctly different from the rations 
given the other two. 

(1) Cow 12, a grade Shorthorn weighing about 1,200 pounds, 
fresh in milk at the beginning of the experiment and not preg- 
nant, was fed for 88 days a ration containing little ether extract, 
the nutritive ratio being very gradually varied from narrow to 
wide and back again, the total quantity of digestible dry matter 
consumed daily being maintained at a fairly uniform quantity. 
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A record of the amount and composition of the food, milk and 
excreta was kept for 74 days. 

(2) Cow 10, a grade Jersey weighing about 750 pounds, fresh 
in milk at first and not pregnant, was fed a mixture of normal 
feeding stuffs for 68 days, the fat in which was varied from a 
proportion fully as large as is ever found in practice to a quan- 
tity somewhat excessive, the daily supply of digestible matter 
remaining quite constant. <A record of the amount and com- 
position of the food, milk and excreta was kept for 54 days. 

(3) Cow 2, a full blood Jersey, of very large productive 
capacity and in full milk flow, weighing about 780 pounds, was 
fed the usual herd ration. The amount of food was accurately 
weighed for 20 days and the milk and excreta were weighed and 
analyzed for the last four. 


THE FOODS. 


The feeding stuffs used in these experiments, some of them 
normal and some having been submitted to a petroleum extrac- 
tion, had the following composition: 


COMPOSITION OF FEEDING STUFFS, 


Lab. Water. Ash. Nitro- Pro- crunernbaie 
No. ” gen. tein.*. extract.) 
Per et, Ferict: Per-et. . Per ct. Per ct. 
7i2 Mixed hay, -Oow 10...6.6.+. 24:67: 6136 90L.62™10012 1736 
717 Alfalfa hay, Cows 2.and. 12.. 16.66- 6.92 2.39° 24794 1.44 
WL Oat siranw. soows 120 i salt. 2 1001S. Oe 2— 0583" Se 1.44 
2138 Corn menlyCow 10 Mois ote we 22.12 Liege) deed 2:27 
feo Corn meal, Cow 10. .....6. «6 20726, 1.55 ~ 4.852) aves 325% 
720 Corn meal, extracted, Cowl12 12.36. 1.16 «1:56 | 9.975 Os | 
740 Corn meal, extracted, Cowi12 11.65 1.14 1503) “O08 0.37 
Tle 4100 Meal -Cow: IO) il. «vieise 12/67) Ord) AGB AS i es | 
110. Rice meal, Cow .12.....c.ees 11.87 -0:84> “1-8 eas 0.09 
ter erice meal, How. 12:4. keene 13 45° 5:0-60. 44.138 - Gene 0.31 
O21. Mee meal, Cow I2arleee ess 12°79. 0.88 1350) ae 0.08 
4121 . Oats, extracted, Cow 12..... L018. 8.06) 2.20 ieee 0.79 
739 Oats, extracted, Cow 12..... Recut eee S ae 12: OMe a 2 
fo. Wheat prin: “Cows 2.6 oo eee 11.21.) dv20.49 22445 Tee 4.33 
446 Malt sprouts; "Cow 2. ic... 10.46 0.38. 4.22 “25732 1. 6¢ 
714 Linseed meal, Cow 10...... 12665) 4.75 5796 32.98 6.71 
737 Linseed meal, Cow 10...... 9.48 4.78 5.84 32.12 fpeere 
4147. Linseed meal, Cow 2.2.2... 9.52 4.64 5:85 32°17 6.94 
715 Flaxseed, ground, Cow 10... 9.75 2.91 3.384 18:37 37.29 
738 Flaxseed, ground, Cow 10... 4.04 3.00 3.42 18.81 388.84 
722 Wheat gluten, Cow 12...... 7.16 0.83 13.08 75:54 OTe 
723 Wheat gluten, Cow 12...... 9.10 0.48 12.64 “71.01 Oe 
742 Wheat gluten, Cow 12...... 6.38 0.72 12°80 ° 72.96 0.94 


Sugar beetst 


*With hay, oat straw and corn meal, protein = N x 6 25; with rice meal, oats and malt sprouts, 


protein = N x6; with wheat, bran and wheat gluten, protein = N x 5.7; with linseed meal and 
ground flaxseed, protein =-N x 5.5. 


+ Daily analyses of sugar beets were made. 
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THE RATIONS. 


Cow 12.—The daily ration of this animal as established at first 


was as follows: 
RATION OF Cow 12. 


MEIER UY. cc's eles bec oce e Ss. hice aAnedl.. vss«6 guises Od LDS. 
iO Sgt 0 i ae SRDS Oatse (Oxracted)) Ae wee ek 3 eet ty <b 
PRAT GCOTR Oy vega tice sss oc 27 I\lbs. Corn meal (extracted)...... ae. ADS; 
ECE TULCT ~. ue so ses es see 11% lbs. 


After three weeks, including one week of preliminary feeding, 
the wheat gluten was diminished one ounce per day and the rice 
meal was increased by alike amount. This change was con- 
tinued until no wheat gluten was fed. After seven days of 
absence of wheat gluten from the ration it was again intro- 
duced, one ounce the first day, two ounces the second and so on, 
the rice -meal being diminished to the same extent until the 
original ration was reached. The feeding was then continued 
on this basis. It should be said that a uniform addition of 1 
pound of rice meal was made to the ration at the end of the 
first month’s feeding. | 

This method of varying the ration allowed a very gradual 
change in the protein supply in both directions with no lessen- 
ing of the supply of digestible organic matter, thus making it 
possible to study the relation of protein to milk secretion with- 
out the disturbing influence of sudden changes in the character 
of the ration or of a deficiency of carbohydrates. 

Cow 10.—The basal ration of this cow consisted wholly of 
normal foods and was designed to supply a generous amount of 


vegetable oils. 
RATION OF Cow 10. 


Diixed DAY - ..sé« aca ates) 36a tS Lise ANCeCO PONCE. of sc ae ceraea dele 2 Ibs. 
BIE HCOUS 2s picc'c cs 00 ce ciel Ailpses Ground flaxseed”, : scpeecee « 1 Ib. 
CT er 4 lbs. 


The ether extract in this ration at first was about .8 Ib. per 
day and it was maintained at this amount for about one month 
when it was gradually increased by a substitution of ground 
flaxseed for a like quantity of linseed meal at the rate of 4 lb. 
per day until the ether extract ingested daily was 1.4 lbs. 

3 
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After feeding at this rate for a week the fat was diminished at 
the same rate as it had been increased by gradually substitut- 
ing rice meal and extracted corn meal for normal corn meal 
and the ground flaxseed. The purpose of these changes was to 
note the effect of the supply of fat upon milk secretion and pro- 
tein exchange. 

Cow 2.—This cow, whose rate of yield was over 2 lbs. of but- 
ter per day, was fed essentially the same mixture aS was given 
to the whole Station herd. 


RATION OF Cow 2, 


Alfalfa, WAV sites vue a iednth on 6 Ibs.* Wheat: Drain kages eee eee --- 414 lbs. 
TTY: BELA pe yee cre a wintn wre aah ah 40 lbs.” Malt Sproute o...5c ass se wee 2% lbs. 
Sucarubeets tes ese. tacs ae . 10 lbs. sLinseed }mening,.. Siftesheas 2% lbs. 


This ration was accurately weighed from March 29th to April 
18th inclusive, and during the last four days of this time the 
necessary observations were made in the collection of excreta 
and weighing of milk. 

The quantities of each constituent of the rations which were 
consumed during the various periods, expressed in grams and 
so arranged as to easily trace the changes, are shown in the 
succeeding table: 
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METHODS OF SAMPLING AND ANALYSIS. 


The rations were weighed out at several different times during 
the course of the experiment, and each time this was done 
samples were taken of the various foods. 

The milk, urine and feces were taken directly to the labora- 
tory and immediately weighed and sampled, excepting that the 
night’s milk was kept in an ice box until morning, when it was 
mixed with the morning’s milk and a sample was then drawn 
from the mixture. The feces were thoroughly stirred and 
samples (4 lbs.) of the fresh material were taken for drying. 
These samples were dried over steam coils at a temperature 
ture not exceeding 60° C. 

In general the methods of the A. O. A. C. were followed in 
the analyses, the only exception being that petroleum ether was 
used instead of sulphuric ether in extracting the fats from the 
foods and feces. (See Bulletin 132.) 

Nitrogen was determined directly in fresh samples of the 
urine and feces. The drying of the feces at a temperature vary- 
ing from 50° to 60° C. caused a material loss of nitrogen, as 
previous results clearly show. (See Bulletin 1382.) 


THE RESULTS OF THE EXPERIMENTS. 


The results of these experiments are presented without a full 
statement of the data involved. 

The omissions are the daily weights and daily composition of 
the feces, urine and milk, the figures for which would occupy 
many pages and would be of use only to those who wish to 
study the data from some standpoint not considered by the 
authors. 

The points that will be discussed are the following: 

(1) The digestibility of the rations, with some reference to 
the influence upon digestibility of the proportions of nutrients 
in the case of Cow 12. 

(2) The influence of the composition of the ration upon the 
quantity and composition of the milk and upon the composition 
ef the milk fat. 
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(5) The source of milk fat and the relation of milk fat forma- 

tion (a) to protein exchange and (b) to the supply of food fat. 
| (4) The metabolism of nutrients as affected by the composi- 
tion of the ration, 

(5) The energy value of the digestible portion of a ration. 

(6) The distribution of the food energy in maintaining a milch 
cow. 

THE DIGESTIBILITY OF THE RATIONS, 

The figures which immediately follow show the extent to 

which the rations were digested. 


DIGESTIBILITY OF RATIONS. 


Dry sub- Organic Carbohy- Ether 
stance, matter. Ash. Protein. drates. extract. 
Cow 12, during 1st Grams. Grams. Grams. Grams. Grams. Grams. 


Li (f 


period, 7 days 
(Jan. 30-Feb. 6) 


In foods....... 90985.1 86594.5 4890.6 12371.9 78340 882.6 
In feces....... 27698.6  24894.7 2803.9 4210.6 19981.8 702.3 
Digested ...... 65286.5.' 61699.8 <1586:7. 8161.3  53358.2 180:38 
Percentage di- 

gested. :..... 69.6 71.3 386.1 66.0 F200 20.4 
Eaten daily, lbs. 19.9 19.4 fat es Mee 16.8 0.06 


, Nutritive ratio 1:6.5 
Cow 12, during 2d 
period, 7 days 
(Feb. 19 to 26), 


PEPE LOOURe cra 0 0 . 92657.8  88259.6 4398.2 11261.9 76105.2 892.5 
Pipereecs. : «wes » 28528.1 25935.1 2593.0 4409.4 20850.1 675.6 
PUSERCEL: 2. es 2 Dicer. PGecorteol oto “Gsoe ww Decoo.ke I 2lG.e 
Percentage di- 

gested :.*...; : 69.2 70.6 41.0 60.9 %Z.6 24.3 
Eaten daily, lbs. 20.2 19.6 0.6 22 17.4 0.05 


Nutritive ratio 1:8.0 
Cow 12, during 3d 
period, 8 days 
March 8 to 16). 


In foods....... 105344.1 100308.7 5035.4 10538.1 88776.6 994.0 
Tmereces.:... ee OeDUGT a. ~olbor.6) 2921.60 (47744 -2607T.7.-.785.5 
Meirestcus... 46.23 08s4.9 . 6872101 211848 5763.7 62698.9 - 258.5 
Percentage di- 
PORTOO |. fos 5.0 se 68.5 42.0 54.7 70.6 26.0 
Eaten daily, lbs. 19.5 18.9 0.6 1.6 yh: 0.07 
Nutritive ratio 1:10.9 
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ethisig Orgente| ash, _ jProtein, | avec eet oe 
Cow 10, period 10 Grams. Grams. Grams. Grams. Grams. Grams. 

days (Feb. 4th- 
14th). 
In food........ 102388.5 96887.2 5501.8 18178.7 80078.0 3630.5 
In feces....... 28023.8  25473.1 2550.2 5114.4 19632.8 726.4 
Digested ...... 74365.2 71414.1 2951.1 8064.3 60445.7 2904.1 
Percentage di- 

PEBLCU ss ses M 72.6 fait 53.6 G12 fish: 80.0 
Haten daily, lbs. 16.4 Loa 0.7 1.8 13.3 0.6 

| Nutritive ratio 1:7.5 
Cow 2, period 4 

days (April 
14th-18th). 
In food...ece.e 48546.0 46284.2 2261.8 7768.1 36982:2 beam 
Ih feces. s..e0. 153128.6 AS87300 2598.0) 2424, Olio 30.1 
Digested. ..«.<. 0417.5 | 32553.7,, 863.8 5343.6 25706 gee iaeee 
Percentage di- 

Pestedici... as 68.8 70.3 38.2 68.8 69.5 98.0 
Eaten daily, lbs. 18.4 17.9 0.5 pa 14.2 0.8 

Nutritive ratio 1:5.6 


The several rations fed to these cows exhibit a somewhat note- 
worthy similarity of digestibility. It appears from these and 


other observations that when a ration is made in part of silage 


and contains a moderately large proportion of the high class 


grains not far from 70 per ct. of the dry matter is digested. 


In the case Cow 12 an opportunity is given to note the 


influence upon digestibility of varying the proportion of nutri- 


ents. 


The data which it is essential to consider are the following: 


EFFECT OF VARYING PROPORTIONS OF NUTRIENTS ON DIGESTIBILITY. 


Digesti- 


ble organic 


Period. CHANGES IN FOOD. 


Jan. 30 to Feb. 6... 14% Ibs. wheat 
gluten fed. 
Wheat gluten 
partly re 
placed by 
rice meal.. 
Wheat gluten 
wholly re- 
placed by 
rice meal.. 


Heb, 19 to 26.42.06 


LAE 25.201. Oye act s's 


matter 
eaten 
daily. 


Lbs. 
19.4 


19.6 


18.9 


Digesti- 
ble pro- 
tein eaten 
daily. 

Lbs, 


2.6 


2.2 


1.6 


Nutri- 
tive 
ratio. 


a A 2° 


1:8.0 


1:10.9 


Organic 
matter bide 
digestea, @eested. 


Per ct: Fer o¢. 

1.3 66.0 
70.6 60.9 
68.5 54.7 
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Much stress has been laid in the past upon the necessity of 
avoiding too wide a nutritive ratio, that is, too large a propor- 
tion of carbohydrates, because of a depression of the digestibil- 
ity of the ration, especially of the protein. In the case under 
consideration there appears to be a gradual decrease in the pro- 
portion of total organic matter digested from the first to the 
third periods, and it is logical to conclude that this was caused 
by a widening of the nutritive ratio, because other conditions 
remained the same. The protein is also apparently consider- 
ably less digestible after the withdrawal of the wheat gluten. 
This is due in part at least to the high rate of digestibility of 
the protein in wheat gluten as compared with that in other parts 
of the ration. Moreover, under these conditions the presence 
of certain metabolic products would cause an apparent rather 
than a real decrease in digestibility. The extent of the influence 
of an increase in the proportion of carbohydrates cannot be 
seen clearly in this instance, although the evidence in favor of 
a depression of digestibility is as valid as that from which 
former conclusions have been drawn. 

The foregoing figures make it plain that the several rations 
furnished abundant and not unusual nutrition to the cows eat- 
ing them, excepting, of course, the very small amount of fat 
supplied to Cow 12 and the abnormal supply of fat in the ration 
of Cow 10 for a short period. 


THE INFLUENCE OF THE COMPOSITION OF THD RATION UPON THE 
QUANTITY AND COMPOSITION OF THE MILK AND MILK FAT. 


Before discussing the questions to which these investigations 
have more especial reference, it is important to inquire whether 
the quantity and character of the cow’s product were in any- 
way modified by the unusual character or variations of the 
rations. | 

This inquiry is all the more pertinent because of the prevail- 
ing notion, not yet justified by any researches whatever, that 
the composition of the ration determines to a large extent the 
character and composition of the milk. 
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EFFECT OF VARIATIONS IN RATION UPON THE MILK, 


Cow 12. Variations in Protein Supply. 


Milk Solids Fat 
Period. CHANGES IN RATION. yield in in 
daily. milk. milk. 


Jan. 380 to Feb. 6... Maximum protein fed (2.6 IbS. zpos. Perct. Perct. 


Cady ise che feces & oie Sle ise biaieleige't 6 a yusO enki p patt Ol enue 
Peb-16,10.16, ... «cues Maxininm Droteinded, ..e.creass 32.2 138.04 3.68 
Feb. 16 to 26....... Protein diminishing, carbohy- 

dratéesvinereasingaisiAt Soe 80.1. 13336 USLe2 


Feb. 26 to Mar. 8... Protein still diminishing, carbo- 
hydrates still increasing...... 28.4 13.37 3.87 
Mar. 8°to 18... 3356) Lrotem At “Minin (1:6 ibs: 


Aldity) pbs Veroe. suk$ qh? ave 26.0 13.47 4.01 
Mar. 18 to 28....... Protein increasing, carbohydrates 

CTLIUISTUIAY ES, Siero iste s o 0! cin erate eee 26.1 °° 13765) ue 
Mar. 28 to Apr. 7.. Protein still increasing, carbo- 

hydrates still diminishing..... 26.5 13.73 4.11 
25 0 Pil! $5 0 ee : Ea Re Protein at maximum (2.6 Ibs. 

Cally) * Pele. eerie wees aie eae 26.1 18.78 4.08 


Cow 10. Variations in Food Fat Supply. 


Jan. 30 to Feb. 6... Normal ration (fat fed daily, Lbs. Perct. Peret. 

evil Th Ogee Sips ot eee eheeee 22.00 i eee 
ep. 6 to, 13:3..8:..5 RAO INCUAN SEU 2. ee de cpsetee 22.8 14.20 4.74 
Feb, 13 -tovZ0ssn 5: ose Rationsunchenred 4 ..n.iee cet. 22:8 14,20 443710 
Feb. 20. to. 27.4% 0.0. bation: unchanged x ce. eee 23.5 18.90 4.46 
Feb.27 to Mar. 6... Food! fab inereasing nn. «a4 sae < 23.4 14.09 4.60 
Mar.6 to 1232... 2a. Food | fat at “maximum 266s 10s. 

UBILV) rats winds « ek AAA eden Ce ae dos oo. 1) eeieg eee 
Mar: 18 to 200h7.:..) Pood fat’ diminishing... 7%. ooeee 24.6 13.81 4.44 


Thre is nothing in these data to warrant the conclusion that 
Supplying more or less protein or more or less fat to a milch 
cow causes. material changes in the milk. In the case of Cow 
12 her milk suffered a gradual and quite constant increase in its 
proportion of solids and of fat, but this change was in no way 
disturbed in its progress by the fall or rise in the proportion of 
protein in the food. 

With Cow 10, the increase of the food fat to 1.4 Ibs. daily, a 
most abnormal quantity, did not raise the milk fat above what 
appeared to be the normal proportion. These results stand in 
accord with the outcome of many other carefully conducted 
investigations. 

The question whether entirely normal milk fat was produced 
with a fat-free ration, or nearly so, is an interesting one. The 


New York AGRICULTURAL EXPERIMENT STATION. 41 


only evidence which these experiments supply along this line 
was obtained by the partial analysis of the milk fat from the 
cow which was the subject of the experiments detailed in Bul- 
Jetin 132. In this experiment the cow was fed a normal ration 
during a portion of the time she was under observation, so that 
it is possible to compare the fat produced before and after the 
food fat was almost entirely withdrawn. 


PARTIAL COMPOSITION OF MILK WITH NORMAL AND EXTRACTED Foops. 


f Reichert 
Periods represented AN oe number 
by different lots KIND OF RATION, cared 214 
of milk fat. eae mar grams 
™ OL fat. 


Wi Gy 
April 19 to 26.... Normal food. Food fat daily .63 Ib..... .96 16.3 


May 3tol10..... Extracted food. Food fat daily .125 1b.... .74 18.6 
May 10to17.... Extracted food. Food fat daily .125 1b.... .76 14.1 
May 17 to 24.... Extracted food. Food fat daily 125 lb.... .75 14.1 
May 24to31.... Extracted food. Food fat daily .125 1b.... .65 14.5 
May 3ltoJune? Extracted food. Food fat daily .125 lb.... .60 14.9 
June7tol4..... Extracted food. Food fat daily 125 1lb.... .60 14.9 


The Reichert number shows the relative proportion of volatile 
acids in milk fat. As an unmistakable and permanent drop 
occurred in this number immediately following the substitution 
of the fat-poor ration for the normal, it is fair to attribute to the 
food fat some influence upon the milk fat, though a single 
observation of this kind should not be taken as conclusive evi- 
dence. At the same time, the milk fat produced while the 
extracted foods were being fed contained a proportion of vola- 
tile acids larger than often found with normal rations. That 
the glycerides of these acids were formed in the cow and were 
not derived as such from the food is so evident as to render dis- 
cussion unnecessary. 


THE SOURCE OF MILK FAT. 


The main question involved in this investigation is the source 
of milk fat. The importance of the question and the reasons 
why it seemed to demand further investigation are set forth in 
Bulletin 132. It is sufficient to state in this connection that the 
inquiry is concerned with the relation of the several nutrients to 
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milk fat secretion, whether this fat is derived wholly from fats 
previously formed in the plant or from protein, or whether car- 
bohydrates may support its formation either directly or through 
the previous formation of body fat. 

The tables which immediately follow give the daily nitrc en 
and fat balance for the three cows. From these tables various 
summaries are derived which show the bearing of the evidence 
secured. 
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The next table summarizes the results of the entire periods 
during which exact observations were made, and expresses 
numerically the necessary conclusions from these investigations 
as to the formation of milk fat. 


RELATION OF MILK FAT TO Foop FAT AND PROTEIN. 


Fat not 
accounte 
Fat - Theoret- ed for Gain in 
Days of digested icalfat Fatin from weight 
expt. from from miik. foodfat of cow.* 
food. protein. and pro- 
tein. 
Lbs. Lbs. Lbs. Lbs. Lbs. 
Grade Jersey, fat-poor ration. 59 3.3 “lta 2836s 33. 
Cow 12, fat-poor ration....... 74 4.8 39:2 88 39 15 
Cow 2, normal herd ration.... Sat 2 2 6h Aiea eee — 
Cow 10, fat-rich ration..... aes 42” So. “1853 40.0° —-ove 18 


*Based upon average of ten days weighings. 
+ From Bul. 132, N. Y. Agl. Expt. Station. 


Some of the figures given are based upon assumptions for 
which there is little or no justification, but which certainly safe- 
guard drawing unwarranted conclusions as to the possible pro- 
duction of milk fat from carbohydrates. 

It is assumed that the digested food fat (ether extract) may 
be the source of an equivalent quantity of milk fat, but when 
we consider that ether extract is not wholly fat or oil, and that 
the glycerides of milk differ widely in kinds and proportions 
from the fatty compounds of the plant, we see how unwarranted 
such an assumption is. Again, the fat factor of protein is taken 
as 51.4, this being the maximum proportion based upon a theo- 
retical rearrangement of atoms, of the actual accomplishment 
of which we have no assurance. For these reasons the excess 
of milk fat as given, over and above that possibly derived from 
the food protein and fats, is quite probably considerably more 
than is stated. But even as the figures stand they are certainly 
convincing. It is not possible to avoid the conclusion that car- 
bohydrates serve as at least a partial source of the milk fat. 

With all four cows the ether extract was insufficient for sup- 
plying the milk fat to the extent of the following daily quan- 
tities, even allowing the absurd assumption that ether extract 
is all convertible into milk fat. 


Grade Jersey, fat-poor ration......... Cul devte Pe ae -60 lbs. 
Car12, fat-poor ration .7.7... 22 oe eee. ~ ©1506clbs, - 
Cow’ 2, Dorma! “herd “ration. .c..20.ecavcae pe ine ie -96 lbs. 


Cow 410, *faC-Peh raion 6 oa eee ee eee .30 lbs. 
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The milk fat could not come wholly from protein, taking the 
urine nitrogen to be the measure of the protein broken down, as 
we necessarily must. Neither could the combined effect of both 
food fat and decomposed protein account for all the milk fat, 
the deficit in the case of three cows being large. 

We are now confined to the alternatives of concluding either 
that previously formed body fat was drawn upon to supply the 
milk fat or that the carbohydrates were utilized for this pur- 
pose. The increased weight of two of the cows, and their gen- 
erally improved condition during the experiments, preclude the 
conclusion that 18.4 Ibs. and 39 lbs., respectively, of pure fat 
could have been withdrawn from their bodies. Such a result 
would have produced a marked change in condition and an 
appreciable diminution of weight. The case of Cow 2 is 
especially noteworthy. This was an undersized cow, thin in 
flesh at the birth of her calf, whose butter fat yield before, 
during and after the experiment was above 12 Ibs. per week, and 
it did not fall below 10 lbs. for some time, so that her butter 
production in a year was not less than 500 Ibs. During her 
largest flow of milk at least one-sixth of her fat product could 
not have been supplied from the normal herd ration she was 
eating, without drawing upon the carbohydrates. To assume 
that her small store of previously acquired body fat was drawn 
upon to the extent of this deficit would be the height of 
absurdity. Cow 12, eating a fat-poor ration, produced 39 lbs. 
of milk fat more than the ration could supply independently of 
the carbohydrates, and to all appearances she could have kept 
on for a year secreting normal milk from the ration she received. 
May we not finally conclude, then, that carbohydrates may be a 
source of milk fat? 


RELATION OF PROTEIN EXCHANGE TO MILK PRODUCTION. 


The relation of protein metabolism to the production of milk 
is interesting and important. It is recognized, of course, that 
there is a positive demand for protein in the secretion of milk 
solids, and it is not difficult to calculate the probable extent of 
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this demand ina givencase. For instance, during her maximum 
production the milk of Cow 12 contained about 1.12 lbs. of pro- 
tein (N x 6.25) daily. The cow was eating each day 2.6 lbs. of 
digestible protein. The real question is, What is the function 
of the protein remaining after deducting the milk protein from 
the total amount eaten, or in this case, 1.48 lbs.? An examina- 
tion of the figures for urine nitrogen shows that the larger part 
of this balance, or 1.2 lbs., was not stored but was broken down 
into simpler compounds and so destroyed. Does this metabolic 
change bear any fixed relation to the milk solids or milk fat 
secreted? The data of these experiments indicate a negative 
answer to this question. 
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The foregoing figures make it plain that the excess of diges- 
tible protein in the ration over and above that needed for the 
milk, rather than any demand for milk secretion, largely deter- 
mines the extent to which protein suffers destructive changes. 
In the case of the grade Jersey the daily protein supply was 
gradually diminished from 1.8 lbs. to .9 lb. and with Cow 12 
from 2.6 lbs. to 1.6 Ibs. The most marked result was to depress 
the daily protein decomposition from .86 Ib. to .46 lb. in one case 
and from 1.2 lbs. to .60 lb. in the other case. When the food 
protein was increased to the original quantity the reverse process 
took place. While the protein utilized for milk secretion was 
somewhat lessened when the food protein was decreased, the 
depression of milk yield was not at all commensurate with the 
drop in the digested protein. This accommodation of the cow’s 
metabolic process to a diminished protein supply mostly by a 
decrease in protein decomposition rather than wholly by depress- 
ing the milk production, indicates what the writer has previously 
suggested, that protein exchange outside the formation of the 
nitrogen compounds of the milk has no constructive function and 
that so large a quantity of protein as 2.5 lbs. daily for the aver- 
age cow is justified only on the theory that the balance above 
what is really utilized in the miik and what would be required 
for maintenance in a non-producing animal acts to stimulate 
milk secretion rather than to support it. These comments are 
not to be taken as implying that a liberal supply of protein is not 
promotive of generous milk secretion. 

A view unsupported by valid evidence, which has been more 
or less current and has been to some extent accepted in a pop- 
ular way, is that the fat supply in the food modifies butter fat 
formation to an important extent. It is already shown in the 
context that with Cow 10 a large increase in the food fat did not 
affect the proportion of fat in the milk or the amount secreted. 
No inquiry was made as to whether the constitution of the but- 
ter fat mixture was in any way affected. 
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ENERGY VALUES AND RELATIONS. 


As before stated, the main object of these experiments was to 
study the food sources of milk fat.. The complete record of the 
foods eaten, of the excreta and of the milk produced for so long 
a time, and the collection and preservation of samples of all of 
these, enabled us to study with advantage certain other ques- 
tions related to animal nutrition. Attention was given chiefly 
to energy values and relations, although an unsuccessful 
attempt was made to study sulphur metabolism. 

The plan of work was the usual one, and the only one possible 
without the aid of the respiration calorimeter, viz: the deter- 
mination in a calorimeter (Berthelot-Atwater) of the heats of 
combustion of the foods, milk and excreta of two cows during 
several periods of time. The data thus secured have made pos- 
sible a calculation of energy values and uses, the figures from 
which are not without interest. 

Methods.—Daily samples of the fresh foods, excreta and milk 
were selected with great care. The samples of fresh foods and 
feces were dried down over steam coils at a temperature of 
about 60° C. The urine and milk samples to which formalde- 
liyde had been added were stored in tightly closed fruit-jars, and 
in this condition remained apparently unchanged for a long time. 
The quantity of formaldehyde used was about 2 ¢c.c. to one quart 
of liquid. 

The calorimeter determinations were made in the usual way. 
The milk and urine were dried down in the capsules in which 
they were burned. The urine suffered more or less loss or 
nitrogen during the drying. Nitrogen determinations were made 
in samples of urine before and after dessication and the amount 
of nitrogen lost by drying was assumed to come wholly from 
urea. WN lost x 5.843 Cal. would therefore be the loss of energy 
due to drying and the number of calories thus calculated was 
applied as a correction to the calorimeter determinations. With 
those samples of urine which had suffered no fermentative 
changes this correction was in many instances less than one 
small calorie per gram of urine and never much over two small 
calories. 
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Heat values.—Heat or energy values were determined for three 
periods with Cow 12 and for one period with Cow 10. The 
detailed data are voluminous and are not given in this connec- 
tion. Great care has been given to the various calculations and 
confidence may be placed in the mathematical accuracy of the 
figures presented herewith. 

The average heat values found for one gram of dry matter in 
the feeding stuffs are as follows: | 


HEAT VALUES OF FEEDING STUFFS. 
Calories per gram, 


Kind of material. dry matter. 
MESO 713 Gees oa sranin sgaye b 6 nied 5. where ietaless egeiete-e jnie te wralaishate queen 
ATER Wa cay OR. a A58 tear: fouls os ele btu Mia abies chee «eis ose octets See 
OAtrSILAW Wicd Aide tives ee wet ie atee Mieke ic pete Se hek 5a 
Corn meal (8 samples).......ec0- piel ae oc atbpeeibe ne . sata DT 
Oats. (2 ssa ple) i. Ps «nse utele we ete tece re alels alelevecteteacate 4.505 
Rice meal (4 ‘samplesy. sss clee ss cieet ele PPP rer rrr ks 
Linseed meal........ é ib bie wae dic eho preteen da Lid i iste wheter 
Hlaxséed meali..s ce ees na hs » pdeis oleic oy, «a sum siete taste «ial aera 
Wheat gluten (2 samples)...... p w/disie dViete 0 ore atiats elemeouen ines 
Sugar. beets! (82: samples) ss. Tivk cewle cab cclete eRe g ecto k SeeRr Eee 


The quantities of nutrients, total, digestible and otherwise, 
fed to the two cows during several periods were as given below: 


NUTRIENTS CONSUMED BY THE COWS, 


Total Total Total 
. Total dry Dry digestible digestible carboby- 
ANIMAL AND PERIODS. matter matter in dry organic drates 
consumed, the feces, matter, matter. digested. 
Grams, Grams, Grams, Grams. Grams. 
Cow 12. 
1st Period, Jan. 30 to Feb. 
6, 7 days..2.0..2..%.2 1) 90985.1  27698.6 63286.5 61699°8 Saoaone 
2d Period, Feb. 19 to 26, 
A MCCLURE Air ok oe ons Sacer seers 92657.8 28528.1 64129.7 623824.5 55255:1 


3d Period, Mar. 8 to 16, 8 
GAYS we cspevccccccccee L0D844.1 34509.2 708384.9 68721.1) 62698°9 


Cow 10. 
Feb. 4 to 14, 10 days.... 102388.5 28023.3 74865.2 71414.1 60445.7 


The above quantities combined with the various calorimetric 
determinations form the main data from which the energy values 
and relations are calculated. It should be stated by way of 
explanation that the loss of cmergy from the escape of gases, 
chiefly methane (CH,), is based upon the results of numerous 
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observations by Kellner.* He found the average loss of methane 
to be 4.2 grams per 100 grams of digested carbohydrates. As 
1 gram of methane represents 13.246 Cal., this energy loss 
equals 55.633 Cal. for each 100 grams of digested carbohydrates. 

The data showing the loss of energy in the urine present some 
interesting considerations. In the first place they add to the 
evidence already secured by Rubner, Henneberg, Kuhn and 
Kellner; that the old methods of calculating urine energy on the 
assumption that the nitrogen exists wholly as urea and that the 
amount of nitrogen multiplied by 5.343 Cal. repesents all the 
urine energy, is greatly in error. The figures which follow make 
it clear that the heat value of the urine solids may be several 
times that resulting from the old method of calculation. 


ACTUAL HEAT VALUE OF URINE COMPARED WITH CALCULATED VALUE. 


Cow 12. Cow 10. 
First period. Seeond perieee Third period. ane 
Calcu- Calcu- 

Energy as lated, N Energy as lated, N Energy as Calculated, Energy as Calculated, 
deter- in urineX deter- in urinexX deter- N in urine deter- Nin urine 
mined. 5.343 Cal. mined. 5.843 Cal. mined. 5.343 Cal. mined. > 5.343 Cal. 

Cal. Cal. Cat. Cal. Cal, Cal. Cal, Cal. 
1585.6 438.6 1692.1 486.9 1486.3 352.8 
1631.7 455.9 1616.3 458 
1544.6 419 1480.2 416.3 1435 344.6 
1704.1 490.1 1541.1 417.9 1871.6 236.1 1418 346.2 
1682.8 526.5 1800.5 227.4 1454.9 374.5 

1443.3 389.7 ~ 1294.6 221.4 1409.6 348 . 4. 

1801.2 501.5 1510.38 3887.1 1827.3 244.2 157 378.8 
1462 349.5. 

1534.4 378.8 

1498.7 363.6 


It appears that the actual heat value of the urine solids was 
from three to four times as large as the value calculated on the 
basis of nitrogen as urea. This is explained by the fact that a 
variety of solids exist in the urine, quite a percentage of which 
are not nitrogenous. 

It is also evident from the succeeding figures that the heat 
value of urine bears no constant relation to its nitrogen content. 

*Landw. Vers. Stat., 53: 420. 

tSee Zeit. f. Biol., 21: 250. Neue Beitrage, &c., p. 119. 

Landw. Vers. Stat., 44: 348, 404, 474, 529. 


Ibid., 47: 283, 308. 
Also Bul. 42, Pa. State College Expt. Sta., pp. 148-150. 
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In Period 1 with Cow 12 the amount of digested protein was 
large, about 2.6 Ibs. daily, and in Period 3 it was only 1.6 lbs. 
The decrease in ingested protein caused a marked decrease in 
urine nitrogen. In Period 1 the heat value of the urine was 
equal to 19.1 Cal. for each gram of nitrogen present, and in 
Period 3, 30.9 Cal. This simply means that the less the nitro- 
gen compounds present, the larger the relative quantity of other 
substances. We must conclude, then, that the loss of energy in 
urine cannot be calculated from any constant factor but must be 
determined in every particular case. 


HEAT ENERGY OF THE NUTRIENTS IN SEVERAL PERIODS. 


Calories in 
Calories in digestible 
digestible matter 
matter minus heat 
Total Cal- Total Cal- minus the value of 
oriesindry oriesindry MTotalCal- Caloriesin heat value urine and 
matter matter ories in digestible of the of methane 
Periods. consumed, of feces. urine. matter. urine. j lost. 
Cow 12. 
1st Period, 7 
Gaye. .u.. o9O0LT.9. 129879.6. 2.11623 .2 266138.3.. 254515.1 -224829.3 
2d Period, 7 
days-....-399765.8: 1360382.9 10881.2 2638642.9 252761.7 222024.4 
3d Period,8 
days .... 450326.2 162177.0 10584.0 _288149.2 277565.2 242683.3 
Cow 10. 
Feb. 4-10, 10 
Gave 44o0e0.6 £127231.8 .614525.1. .321352:3 ..306827.2'°273199:8 


We have now reached a point in the development of our data 
where we can see what they teach concerning the unit heat 
values of the nutrients utilized by these two animals. From 
the figures of the two preceding tables the unit values given in 
the succeeding table were calculated. 


HEAT VALUES BASED ON A UNIT OF ONE GRAM. 
Heat value 
digestible 
Heat value organic 
digestible matter less 


Heat value organic less heat 
Heat value Heatvalue Heat value digestible matter less values 

dry matter dry matter digestible organic heat value urine and 

of ration. feces. dry matter, matter. urine. methane, 

Cow 12. Cal. Cal. Cal, Cal. Cal. Cal, 
ist Period. 4.35 4.69 4.20 4.31 4.12 3.64 
2d Period.. 4.31 4.77 yo 4.23 4.05 3.56 
3d Period.. AAG 4.70 4.07 4.19 4.04 3.53 
Ad 4.38 4.54 4.32 4.49 4.29 3.82 
Average .... 4.383 4.67 4.17 4.30 4.12 3.64. 


\ 
58 REPORT-OF DEPARTMENT OF ANIMAL HUSBANDRY OF THD 


It is noteworthy, as has been pointed out by other observers, 
that the dry matter of the feces has a unit heat value consider- 
ably larger than that of the total dry matter of the ration and 
consequently the heat value of the digested portion should not 
be assumed on the basis of the proportion of the dry matter 
digested. 

In computing the energy value of rations it has been custom- 
ary to use the figures proposed by Rubner for the several classes 
of, nutrients, viz.: Protein 4.1 Cal., carbohydrates 4.1 Cal. 
fats 9.3 Cal. It appears now that these unit values are, if any- 
thing, fully high enough for herbivora, even if no allowance is 
made for loss of methane. Let us compare the actual heat 
values of the digestible matter in the several periods with what 
the calculated values would be on the Rubner basis, 


Cow 12, 
First Period. 
ETOULGIN vais iw e's s 6 bh 08 4 400s OL ete Te eee ae 461.3 Cal. 
Carbohydrates ..... ceccveees O2O08,2 grams x 4:1-=218, 768:6 Gan 
OA Reet oA Waly Oia, 190 Beeratins Geo 1,676.8 Cal. 


253, 906.7 Cal. 


As determined* =254, 515. 1Gak 

Second Period. 
Proternwais's sate ae iw ese ee ee 6852.5 grains x 4.1= 28,095.2 Cal. 
Carbohydrates .. 3. desicice see Doe). 1) grams x 4.1226, 04h. eee 
Tats seweswecsaveceaveapeces 216-9 crams x 95-00 -ee 
256, 658.3 Cal. 
As determined* 252, (Ul. ee 


Third Period. 
Potein tees sic Ve Pesce cdls de Slee Diba) Tf grains x 4 l= DS 56SiSa eae 
CALUGHVOTALGS”.\...5 6 fa eee o . 62698.9 grains x 4.1=258, 065.5 Cal. 
Wats cccccccwevesccgescclut ovis 5200. Ri2TAIUS & fc 05= reel 


284,100.7 Cal. 


As determined* =277,565.0 Cal. 

Cow 10. 
Protein Ce ee ee ee rr ry ee 8064.3 grams x 4.1= 33,063 .6 Cal. 
Carbohydrates ..... covcecess 60445.7 grams x 431=247,827 40ab 


Dats cad eccceceivecvcveseen 24,1 prams x9.g= 27,008 ee 


807,899.1 Cal. 
As determined* ==306, 827.2 Cal, 


*No allowance for methane, 
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If no allowance is made for the energy loss in methane the 
Rubner unit values are not greatly larger than the average of 
these determinations. If, however, the loss from the escape of 
hydrocarbons is as large as that observed by Kellner and others 
then the available energy of the digestible organic matter was 
3.64 Cal. per gram. Kellner found it to be 3.5 Cal. for the 
digestible organic matter of meadow hay, and Armsby, in deter- 


minations with steers, using timothy hay, found it to be 3.62 
Cal. 


THE DISTRIBUTION OF THE ENERGY OF A RATION. 


It is interesting and instructive to note the distribution of the 
energy of aration. It may be classified, first as available and 
non-available. The available energy is applied to the various 
uses of the animal and in the case of the milch cow is distri- 
buted among the milk solids, the work of milk production and 
maintenance needs. 

These energy relations are best expressed in terms of per- 
-centages without repeating any previous figures. 


DISTRIBUTION OF TOTAL ENERGY OF RATION, 


Cow 12. Cow 10. 
Per: lo Perse. Per: 3. 
Per ct. Per ct. Per ct. Fer ct. 
Methane ( Available IGEN we aelcle Savsicats oe 61 Oesa) 1 oe 61.6 68.4 
not con- <: ot) Urine: Se 229 wet 2.4 3.2 
sidered. ¢ Nou-available energy.¢ proces | 32°8 84.0 36.0 28.4 
Assumed { Available energy .............. 56.8 5Ow5 53.9 60.9 
methane Uritien. ise. 9 ok 2.4 Oba 
energy | Non-available energy. < Methane. 7.5 TE tek Loc 
deducted. [ Beces’ +0258 34.0 36.0 28.4 
DISTRIBUTION OF AVAILABLE ENERGY. 

nee Maintenance energy.t Energy of milk solids. Energy balance. 
creatinblé Per ct. of i Per ct. of Per ct. of 

energy total total total 
used Calories available Calories available Calories available 

daily.* daily. energy. daily. energy. daily. energy. 

Cow 12. Cal. \ 

Period 1.... 82118 13846 43.1 11176 34.8 7096 ne 
Period 22... oL1f185 13846 43.6 10169 32.1 7703 24.3 
#£eriod a. ...' 3038385 13846 45.3 10547 30.4 5942 24.3 
CG A cpivie wes 2LOlO 10152 Ble 8451 30.9 8717 oner 





* After allowing for loss of energy in methane. 
+ Caleulated on basis of 13,000 Cal. for 500 kilo animal. 
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The foregoing figures are instructive in showing approxi- 
mately how the energy of the rations was utilized by these two 
milch cows. After accounting for the energy of maintenance on 
the basis of the best known data, viz: 18,000 Calories for an 
animal weighing 500 kilos (1100 Ibs.) and the energy of the milk 
solids, we have a balance amounting on the average to about 
one-quarter of the available energy of the ration. If the ration 
were diminished to the extent of this balance it would certainly 
result in a lessened milk yield, consequently we are justified in 
concluding that this balance has some necessary function or 
relation in milk secretion. 

The most natural and logical conclusion is that in part at 
least it sustains the work of milk secretion, i. e., the vital 
activity involved in the metabolic changes occurring in the milk 
glands or elsewhere in the formation of milk solids. There is, 
of course, more work demanded for mastication and digestion 
than is the case with the much smaller maintenance ration. 
Nevertheless it is fair to regard the milch cow as a working 
animal, not in the exercise of mechanical force but in the main- 
tenance of manufacturing processes which are sustained by the 
application of the quiet energies of life, 


THE IMMEDIATE EFFECT ON MILK PRODUC. 
LION OF CHANGES IN THE RATION,* 


W. P. WHEELER. 


INTRODUCTORY NOTE BY THE DIRECTOR. 


The data discussed in this bulletin were mostly secured under 
a former administration. They are not the result of feeding 
experiments logically planned for the study of rations, but were 
incidental to the extensive breed tests that were carried on fer 
several years, and for this reason they cannot be made the basis 
of so extensive or so safe conclusions as to feeding questions 
~ as otherwise might be the case. 

The tables which Mr. Wheeler presents from nearly one thou- 
sand feeding periods with different animals may seem to be 
duplications in some cases, as for instance V, IX, X of the tables 
as compared with XX VI, XXV and XXVII._ It is to be noticed 
that these tables differ as to the number of periods included, 
which is due to the fact that in one set the selection of data was 
made with reference to the effect of varying the quantity of 
nutrients and in the other set with reference to the influence of 
varying the protein. It is gratifying to note, however, that 
different groups of periods, involving practically similar condi- 
tions, indicate essentially similar conclusions. 

Those who may study this bulletin should keep clearly in 
mind that only the immediate and not the permanent effect of 
rations is considered. Moreover, there should be a proper reser- 
vation of judgment concerning data logically so imperfect. 
Nevertheless, in some particulars these records mean much more 
in a practical way than some offered to the public which involve 
the use of very few animals during only two or three feeding 


*A reprint of Bulletin No, 210, 
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periods. The evidence presented concerning one point is fairly 
consistent and is important, viz.: that changes in the quantity 
of nutrients have greatly more influence on the milk yield than 
proportionally large changes in the amount of protein. These 
data offer strong evidence that if the available energy of the 
ration is sufficient and is kept at a uniform point, there may be 
quite a wide range in the nutritive ratio without materially 
affecting the milk flow. This emphasizes the necessity of uni- 
form feeding and the importance of knowing to what extent 
changes in the materials of a ration cause changes in the 
nutrients actively available. The evidence relative to the pro- 
tein supply at least suggests the practicability of successfully 
feeding dairy cows from a well selected list of crops grown on 


the farm. 
_W. H. Jorpan, Director. 


SUMMARY. 


The data published in this bulletin show the changes in milk 
production which have immediately followed changes in the 
composition of the ration fed to cows. The efficiency of differ- 
ent rations for sustaining milk production over long periods is 
not shown. 

Several hundred individual records (981 in all) for limited 
periods covering different changes in the rations were selected 
from those kept for a dairy herd during several years. These 
were grouped in accordance with certain relations which they 
held to factors of the recognized feeding standards, and aver- 
ages were made. The average data considered are those which | 
relate to changes in the amount of total digestible organic mat- 
ter or “total nutrients,” the fuel value, the amount of protein, 
and the nutritive ratio. No rations that would appear in any 
respect radically deficient were fed. 


TOTAL NUTRIENTS. 
In general, the milk flow increased most or diminished least 
when the greatest increase of total nutrients was made without 
regard to moderate changes in protein content. The most rapid 
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shrinkage of milk flow generally occurred when the percentage 
reduction of total nutrients was greatest, although this usually 
was associated with a reduction of protein. 

On the average for all records when an increase of the total 
nutrients was made, there was no change in milk production. 
On the average for all when the amount of nutrients was 
reduced, the shrinkage in milk flow was at twice the normal 
rate. | 

An increase in the amount of total nutrients to not more than 
15.5 lbs. per day for each 1000 lbs. live weight, with cows giving 
about 20 lbs. of milk, resulted in a maintenance of the milk 
yield without diminution. When the nutrients were reduced 
in corresponding rations, more than the usual shrinkage 
followed. 

An increase of the total nutrients from less than 15.5 Ibs. to 
more than that amount, for cows giving about 23 lbs. of milk, 
resulted in a maintenance of milk yield without diminution. A 
reduction of the nutrients from above 15.5 lbs. to less than that 
amount was followed by twice the normal shrinkage in milk 
yield. | 

An increase of the total nutrients when above 15.5 lbs. for 
cows giving about 24 lbs. of milk, was followed by less than 
the usual shrinkage in milk flow. A reduction of the total 
nutrients to not less than 15.5 lbs. was followed by more than 
the usual shrinkage. 

FUEL VALUE. 

An average of all records when an increase in the fuel value 
of the ration was made shows a diminution in milk yield about 
one-fifth as great as would usually occur under unchanged 
rations. An average of all records when the fuel value was re- 
duced shows about twice the usual diminution in milk yield. 

An increase in the fuel value to not more than 30,000 Cal. per 
day per 1000 lbs. live weight, for cows giving about 20 lbs. of 
milk, was followed by a slight average increase in milk flow. A 
reduction of the fuel value when below 380,000 Cal. was followed 
by considerably more than the normal shrinkage in milk. 
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An increase in the fuel value from below 30,000 Cal. to more 
than that amount, for cows giving about 22 lbs. of milk, was 
followed by about the usual shrinkage in milk flow or less. A 
reduction of the fuel value from above to below 30,000 Cal. was 
followed by twice the usual shrinkage. 

An increase in the fuel value when above 30,000 Cal., for cows 
giving about 24 lbs. of milk, resulted in a maintenance of the 
milk yield without shrinkage. A reduction of the fuel value to 
not less than 30,000 Cal., was followed by about twice the usual 
shrinkage in milk. 

PROTEIN. 

In general, changes in the amount of protein within ordinary 
limits produced less effect than changes in the amount of total 
nutrients. On the whole the diminution in milk flow was less 
when the amount of protein was increased than when it was re- 
duced. 

On the average for all records when the protein was increased, 
those including also an increase of total nutrients show no fall- 
ing off in milk production, those with but little change in 
nutrients show a normal diminution or less, those with a reduc- 
tion of nutrients show a shrinkage greater than usual. On the 
average for all records when the protein was reduced those 
with an increase of total nutrients show less than the usual 
decrease in milk production, those with but little change of 
nutrients show about the normal shrinkage, those with a reduc- 
tion of nutrients show a falling off at twice the normal rate. 

The average of those records where there was an increase of 
protein without change in amount of total nutrients shows an 
increased cost of production. There was no increase in the cost 
of production, on the average, when the protein was reduced 
without change in amount of nutrients. 

A reduction in the amount of protein, when the ration con- 
tained less than 2 lbs. per day per 1000 lbs. live weight, was fol- 
lowed by about twice the usual shrinkage in milk flow. An in- 
crease in the amount of protein when less than 2 lbs. was, in 
general, followed by less than the usual shrinkage. 
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A reduction in the amount of protein when between 2 Ibs. 
and 2.25 lbs. was followed by more than the usual shrinkage in 
milk flow. An increase of the protein when between 2 and 2.25 
lbs. was followed, on the whole, by less than the usual shrinkage. 

While reduction of the protein when between 2.25 Ibs. and 
2.5 lbs. was followed by excessive diminution in milk flow, there 
was an accompanying reduction of total nutrients which would 
largely account for it. An increase in the amount of protein 
when between 2.25 and 2.5 lbs. was followed by very much less 
than the usual shrinkage of milk. 

A reduction in the amount of protein when above 2.5 lbs. was 
followed by favorable results on the average for 123 records. 
The natural shrinkage in milk flow was retarded. The cost of 
production was not affected. An increase of the protein when 
above 2.5 Ibs. is shown by only a few records—in these, however, 
there followed twice the usual shrinkage in milk flow. 


NUTRITIVE! RATIO. 


Changes in the nutritive ratio within the ordinary limits had 
considerably less influence on the milk flow than did changes 
in the amount of total nutrients. In general, however, a nar- 
rowing of the ratio had a favorable effect on milk production, 
while a widening of the ratio tended toward the reverse. 

When but little change in the amount of total nutrients oc- 
curred, a narrowing of the ratio was followed by less than the 
usual decrease in milk yield and a widening of the ratio by more 
than the usual decrease. 

With an increase in the amount of total nutrients a narrowing 
of the ratio was followed by an increase in milk yield. A widen- 
ing of the ratio was followed by a decrease (to less than the 
usual extent) although the average increase of total nutrients 
was nearly a pound greater than when the ratio was narrowed. 

With a reduction in the amount of total nutrients of 10 or 12 
per ct., there followed about the same average shrinkage in milk 
flow whether the ratio was narrowed or widened. 

5 
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When the nutritive ratio was narrowed but kept wider than 
1:6, no change occurred in the average amount*of digestible dry 
matter consumed for each pound of milk solids produced. When 
the ratio was made wider there was an increase (over 4 per ct.) 
in amount of digestible dry matter for each pound of milk solids. 

When rations with a narrower ratio than 1:6 were made still 
narrower there was the same increase in the amount of digesti- 
ble dry matter required for each pound of milk solids as when 
corresponding rations were made wider but kept narrower 
than 1:6. 

It must be remembered that these summarized results apply 
only to the immediate effect on milk production of the specified 
changes in the ration. It is not unreasonable to assume, how- 
ever, that those modifiations of the ration which at once lead-to 
increase in milk flow point toward the composition of a ration 
adapted to more permanent advantage, and that those modifi- 
cations which are immediately followed by diminished product 
point in the direction of a ration more likely to prove inefficient 
for extended periods. 

INTRODUCTION. 


In the feeding of milch cows as well as that of other animals 
many difficult problems are involved. The solution of most of 
these cannot be accomplished without numerous investigations 
and studies under specially arranged conditions where factors 
commonly uncontrolled can be directly accounted for and their 
value considered. Many years must necessarily elapse before 
much of the positive knowledge sought can be secured. This 
knowledge will come in time. But every day the animals must 
have food, and any information relating to the commonly prac. 
ticed methods of feeding is worth considering. Any careful-y 
collected data should, therefore, repay attention; though they 
may not light up certain of the complex problems of nutrition, 
and may show only in a circumstantial way relations between 
the milk and the food. j 

While the fixing of an absolute standard stated in the terms 
we now use is not possible, it is still probable that with wider 
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information the limitations of the average physiological stand- 
ard can be made more definite. All records of production under 
rations constructed in conformity with standard requirements 
should furnish information of more or less value. The results of 
departure, on one side or the other of the path marked out, 
should be worth recording. 

The data published in this bulletin show changes in milk pro- 
duction which have immediately followed changes in the com- 
position of the ration. Some changes in the ration appear to 
have no immediate effect on milk production. Others apparently 
have-in a moderate degree either stimulating or depressing 
effects. 

For many years rations conforming to certain limitations have 
been recommended by different investigators. The most conven- 
lent and practicable way of stating the food requirements of 
the anima! in a concise and general manner has been in terms of 
digestible nutrients. As ordinarily grouped, these are protein, 
carbohydrates and fat. The total digestible organic matter is 
stated as well as the total dry matter. Water is taken for 
granted, and the mineral nutrients, although important, are not 
considered because the foods naturally available for supplying 
other nutrients would contain abundant ash. 

In formulating a feeding standard for cows considerable differ- 
ence of opinion exists as to the limits of variation, both in bulk 
and composition, that can be made without appreciable influence 
on production. The standard rations usually recommended for 
milch cows of average capacity require, for 1000 lbs. live weight: 

From 27 to29 Ibs. of total dry matter, 
From 13.4to16 Ibs. of didgestible organic matter, 
From 2 to 2.51bs. of digestible protein, 


Fromi11 to13_ Ibs. of digestible carbohydrates, 
From .4to .51b. of digestible fats; 


with a nutritive ratio of from 1:6 to 1:5.7.. For cows not approxi- 
“mating 1000 lbs. in weight, for cows of inferior capacity or for 
very heavy milkers, the standard is modified. The standard 
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which has been longest used as a general guide gives for the 
average cow in milk, per 1000 lbs. live wejght 

24 ‘Ibs. total organic matter, 

15.4 1bs. total digestible organic matter, 


2.5 Ibs. total digestible protein, 
12.5 Ibs. total digestible carbohydrates; 


with a nutritive ratio of about 1:5.4 and a fuel value of about 
30,000 Calories. 

These standards have been in large part drawn from averages. 
Slight individual modifications have therefore been occasionally 
desirable or without disadvantage. In practice, of course a close 
conformity may often be unprofitable because of relative market 
prices. The efficiency, however, of the modified standard ration 
is the point for first consideration. 

While the results of only a few weeks under a ration will not 
show its permanent sustaining power, they may perhaps suggest 
the stimulating effects. To these are often attributed results 
not fully explained by the known utilization of nutrients in the 
product and the work of its construction. It is thought that the 
presence of a supply of protein considerably in excess of the 
indispensable amount which can be directly accounted for, tends 
to stimulate milk production. 

In feeding a dairy herd at this Station during several years the 
common standards were followed in a general way. From the 
daily records of this herd are drawn the data before referred to. 
They represent both winter and summer feeding at different 
times during seven years. Individual records were kept of the 
food consumed, the changes in live weight and the milk yield. 
Analyses were made of the foods and of the milk at regular inter 
vals so that the amounts of the different constituents in the food 
and in the milk have been calculated for each cow and averages 
made from these data. The records for short periods selected for 
use in these averages were taken at that stage of lactation when 
only very moderate changes in the milk flow might be expected. 
Of these limited-period, individual records, 981 have been used in 
making the averages considered here. When grouped according 
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to the same foods they form 111 groups with an average of nine 
cows each. | 

The food was changed often but no violent changes were made 
nor any rations fed that would appear in any respect radically 
deficient, as the primary object for keeping the herd would not 
have been furthered by the use of questionable rations. The 
change usually was only a substitution of one coarse fodder for 
another accompanied by a modification of the mixed grain. No 
unpalatable food was used. A moderate proportion of grain 
was always fed, varying from 5 to 9 lbs. per day, but generally 
about 7 lbs., the average for all the time being 6.63 Ibs. per 
day. Asarule either silage, roots or green forage was fed with 
any hay or other dried fodder. Only 15 rations out of a thou- 
sand were without some succulent food, the average moisture 
content of these being 12.2 per ct. The average percentage of 
moisture in all the rations was 61 per ct. 

Besides mixed grain, which was always fed, 836 rations con- 

sisted of silage and hay, 266 rations of green forage and hay, 76 
rations of roots and hay; 72 rations contained two kinds of 
green forage and 47 rations one kind; 56 rations contained silage 
and green forage; 43 rations silage, hay and corn stover; 30 
rations silage, forage and hay; 22 rations silage and corn stover; 
15 rations hay alone; 10 rations silage, roots and hay, and 8 
rations silage alone. 
The coarse foods principally used were clover hay, timothy 
hay, mixed hay, corn silage, alfalfa forage, oat-and-pea forage, 
corn forage and mangels. Others sometimes fed were oat-and-pea 
hay, orchard-grass hay, corn stover, barley-and-pea forage, sor- 
ehum forage, rye forage, rye-and-pea forage, timothy forage, 
clover silage, sugar beets and carrots. The grain foods most 
commonly used were wheat bran, corn meal, ground oats, wheat 
middlings, old process linseed meal, cottonseed meal, different 
gluten meals and gluten feed. Others occasionally used were 
new process linseed meal, brewers’ grains, ground flaxseed, buck- 
wheat middlings and malt sprouts. In a grain mixture three 
kinds of ground feed were always used and generally more. 
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Special analyses were made of all the foods. The coefficients 
of digestibility used in the calculations were the averages from 
American determinations when several were to be found, but 
many of them were from European data. These calculations 
were made several years ago when factors from recent investiga- 
tions were not available. The coefficients used differ somewhat 
from the latest averages but not enough to have a recalculation 
affect the general results. In Table A are given those used for 
the several foods. 

Selecting records from a system of feeding conforming to other 
purposes did not permit an absolute uniformity in all relations 
essential to a direct and unqualified comparison of the different 
rations. The averaged groupings are therefore not by any means 
satisfactorily complete and full,although the volume of testimony 
in a degree compensates for some of the lack of uniformity. 
While a large number of records may cover one change in a 
ration, there may be comparatively few that afford data con- 
cerning some corresponding change, desired for comparison, so 
that in this respect also undesirable irregularity exists. Evi- 
dence only of the immediate, or perhaps stimulating, effect of 
the modified rations is offered. There is taken into consider- 
ation no intermediate period to permit full adjustment to the 
changed food, and the efficiency of the different rations for sus- 
tained milk production over longer periods is not shown. The 
record is taken for from two to four weeks before a change in a 
ration and for about the same time immediately following. 


TABLE A.—AVERAGE COEFFICIENTS OF DIGESTIBILITY. 


N.free Fats (ether 


Protein. Fiber. extract. extract). 
W heat bran }.@s awn once + apis ata 78. 33. 6B 76. 
(JOTTIITOAL 35 ssn hee ett Boee ae kes , (6. 58. 87. 92. 
CTTOUNUSURIUS a ep ss bo Cota mate ee eee 78. a4 0 (Wes 84. 
Wheatmiddlines: oft tee 82. 33: 88. 85. 
Oo Pein seen Smeal. 2. ee eee 86. 50. 80. 90. 
UOthoOn seed Sinoal 2. ics = Saeee eae 89. Bos 68. 95. 
Glutén Panels ee5F02 SAY Se Ee oi Tes 33. OI. 88. 
luten "LECUr las pets A ith cok zs 86. 34. 92. 82. 
NP, SUCRE ARG Ana aca es cee hee S7. G1. 86. 91. 


Brewers’ grains.. ee erevervee eeeeeeeoee 1 (i bs 46. 5d. 86. 
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N. free Fats (ether 


Protein. Fiber, extract. extract). 
Ground flaxseed....... Acie stent iets - OL. 60. 5D. 86. 
Buckwheat middlings....... Sree ohsee 78. 35. (ie 85. 
Bee TE SILOUTS hc estes ce ee we oe ‘teeta 83. 41. 67. 90. 
MIRON © cag he gik vim ns's e's hg cs 6 ache 58 54. 64 55. 
SOUL BN A a 49, De. 63. ae. 
PRR MOTPRET LW. oe tick al Pay ehmrege ois eye cha, S.510,0pe ole 42 49 57 b4. 
J EE Re Ao a ee ee nr OL 69 cap 84. 
Pe SeEMILOUA PO csc ee cat ce ele clay eee 67 53 78. 64 
aterm pea 1orare.. fo 2.2. cel. 78 57 65 (e% 
orn forage... ..... 5 ab We ee el ee 974 ae 15 Ts 
Nae os aa Sa ces cui ce ss 88 71. 95 50. 
reat SUA SS) WAY eis ig deteie owe wit es Fe ip 60. oes se: 
NMRERIRIOIEL OILY ovine Seas es es se es 0 81 OT. 66. 74. 
MSEMEIYVGE © a A! Wy selene sae cece e ¢ 36. G4. 58. 70. 
See ARTOMPOUN ST Oiag. 2 coat ok os wseye sc ne 47. 59 74. 74. 
MEME Ene pein s silk anu es C4 es 74 83 %3. Gis 
MPEG ee. vg Ant tee cee esc ee 48 60. 70. Gt. 
Peeeieenind Carrots. seis ec eS: , 84 80. O55 Che 


As a basis for comparison, the normal rate of shrinkage in 
milk flow that would usually occur under an efficient average 
unchanged ration was assumed to be, for every period of one-half 
month, about 2 per ct. during the third month of lactation, about 
2.5 per ct. during the fourth and fifth months, about 8 per ct. 
during the sixth and seventh months, about 3.5 per ct. during 
the eighth month and about 4 per ct. during the ninth and tenth 
months. In making this estimate, data from this Station were 
considered in connection with some from the Cornell Experi- 
ment Station, and some records published a number of years 
ago by Dr. Sturtevant. 

The amount fed was always about all that could apparently be 
used by the animal. As a rule there was a gain in live weight 
which indicates a usually sufficient amount of food. The cows 
were mostly of medium size and less than 1,000 Ibs. in weight. 
The average weight per cow for all periods was 932 Ibs. 

An idea of the prevailing composition of the rations and of 
their efficiency is given by the following data: Under 1 is the 
average from 90 individual records for one month with rations 
having a fuel value of considerably less than 30,000 Cal., and 
supplying less than 15.5 lbs. of total digestible organic matter. 
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Under 2 is the average from 80 individual records for one month 
with rations having a fuel value considerably higher than 30,000 
Cal., and supplying considerably more than 15.5 lbs. of total 
digestible organic matter. 


TABLE B.—AVERAGES FROM RECORDS FOR ONE MONTH. 


A 2 
Average age of COWS, yearS.........6. ines wh 4 +t 5.6 
Average live wéicht per. cOwW, POUNGS... ow.e ce ve we ses 894 967 
A Versace UIMOnEDeUL JACTALION « «x tngs ea ee oes oe eae eee 6.2 4.5 
Average gain in live weight for month, pounds..... : 12 25 


Fuel value of ration per 1000 Ibs. live weight, Cal.... 28,855 33, 937 
Total digestible organic nutrients per 1000 Ibs. live 


W ELE ETO ITIS ne ave sakes alae cot a saline od geen ne fea F 14.6 17.0 
Digestible protein per 100 lbs. live weight, pounds.... pe wes 
NWurtritive ta BGA Sas 8 oe GAS ee Nn eee eee es 1:6.6 Lae 
Milk yield, average per day per cow, pounds........ 20.2 25.9 
Total solids in milk, average per day per cow, pounds 2.8 3.4 
Percentage ot tat in nike. . 2. oa sire te ee ae 4.4 4.0 
Digestible dry matter in food for one pound of milk 

solids produced, pounds..... Pt OAT CORB ee Ricks steers 4.6 4.8 


As the great mass of individual data is of no general interest, 
only the averages from different groupings are given. ‘The cost 
of production is usually stated. While the more nitrogenous 
foods, especially grain foods, are usually higher priced, the lib- 
eral use of such foods as alfalfa forage, oat-and-pea forage, 
clover hay, ete., has somewhat modified this relation. The cost 
relation is an uncertain and fluctuating one, of course, but the 
prices assumed for calculation would fairly represent the aver- 
age cost of foods supplying rations of the stated composition. 
Hay was rated at $10 per ton, and corn stover at $5, silage and 
roots were rated at $5, green fodders at $2. Corn meal, wheat 
middlings and brewers’ grains were rated at $20 per ton, wheat 
bran, malt sprouts and gluten feed at $18, ground oats,, gluten 
‘meal and new process linseed meal at $25, old process linseed 
meal at $27, cottonseed meal at $80, and ground flaxseed, but 
little used, $60 per ton. The average food costeef milk for all 
the records considered was 73 cents per 100 Ibs. 
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TOTAL ORGANIC NUTRIENTS. 


Groupings of the different records according to the amount of 
the total digestible organic matter are first considered. The 
term “total nutrients ” or “nutrients,” whenever used without 
qualification in the text or tables, refers to the total digestible 
organic matter of the feeding standards without reference to 
the mineral matter. The term “ dry matter,’ however, includes 
the ash. 


CHANGE IN RATIONS WITHOUT CHANGE IN NUTRIENTS. 


The average from 126 individual records in which very little 
change was made in the amount of nutrients—no change on the 
average—shows just about the shrinkage in milk flow that 
would normally occur at this stage of lactation. The average 
month of lactation was 6.2 and the average age of the cows 4.8 
years. There was a moderate gain in weight, the rate tending 
to increase after the change of ration. 


TABLE I.—A CHANGE IN RATION BUT NoT IN AMOUNT oF TOTAL 

















NUTRIENTS. 
PER 1000 Les. LIVE WEIGHT AVERAGE PER 
: ° DAY PER Cow. 
Total 
tance, | DIgest- 7 : 

digest: | “ible | Fue | Nvtrl | wink | Fatin 
ganic pre value ars yield. milk. 

matter. ie 
? Lbs. Lbs. Cal. Lbs. Lbs. 
Before 15.0 2.06 |30,030} 1:7.2 | 21.1 -90 
After 15.0 1.98 |30,135). 1:7.5 | 20.5 .86 





Average of 126 rec- 


Approxi- Dry Dry Digest- 
ords from eows 


mate cost | matter | matter in ible dry 


; i Fatin | of food | infood | food for “essen gs in 
averaging 4.8 £ milk. | for one | forone| one Ib. ge he 
yrs. old and 6.2 a Ib. of Ib.\of | of mitk | Ce ie 

: hess ‘lle milk. milk, solids. F 
months in milk, ae solids. 

os) 

ro a | "SS SOO | 
Ls 

m4 Per ct. Cts. Lbs. Lbs. - Lbs. 

7 Before 4.2 -13 1.0 7.6 4.9 

After 4.2 otz 


For about 16 days before change 











© 
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INCREASING THE AMOUNT OF NUTRIENTS. 

The average from 268 records when the amount of total nutri- 
ents in the ration was increased shows no shrinkage in milk 
yield following the change. The relative increase of protein in 
the ration was much less than that of the total nutrients. The 
average month of lactation was 5.1 and the average age about 
4.7 years. The gain in weight was very slow. before the change 
and averaged over one-half pound per day afterward. 


TABLE J].—AN INCREASE IN THE AMOUNT OF TOTAL NUTRIENTS. 


AVERAGE PER 


! 4 . na 
PER !000 LBs. LIVE WEIGHT, Day PER Cow. 





Total Digest- 
digest- ible Fuel Nutri- | wik | Fatin 





ible or- a I tive 3 
hia ies value sation yield. milk, 
matter. 
Lbs. Lbs. Cal, Lbs. Lbs. 
Before| 14.4 | 2.19 '28,618} 1:6.4 | 22.0 sou 


ge 





After 16.1 | 2.29 32,297 1:6.8 | 22.0 89 


Digest- 
Approxl- Dry Dry Fie dee 
mate cost | matter | matter in matter in 


Average of 268 rec- 
ords from cows 


=| 

(sj 

oq 

cS) 

© 

f4 

BS 

2 

. —~ Fat in of food infood | food for 

averaging 4.7 ae milk. forone | forone| one lb, ~ ig 
yrs. old and 5.1] «3 lb. of Ib. of | of milk Of nie 
months in milk. me ry milk. milk. solids. solids. 

rt 

pet eS a ee eee 

aes) 

2 Per. et. Cts. Lbs. Lbs. Lbs. 

32 Before 4.0 as 1.0 Tek 4.6 

1 8 

os 

& After 4 0 712 





REDUCING THE AMOUNT OF NUTRIENTS. 


The average from 263 records when there was a reduction of 
the amount of total nutrients shows a shrinkage in the milk 
flow twice as great as would generally occur during the same 
time at this stage of lactation without change in the ration. 
The average reduction in the amount of protein was slight. The 
average month of lactation was 5.7 months and the average age 
4.9 years. The gain in live weight, which was at the rate of 
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over one-half pound per day, was reduced to about one-third as 
much after the change in the ration. 
TABLE III.—A REDUCTION IN THE AMOUNT OF ToTAL NUTRIENTS. 


. Sa AVERAGE PER 
PER 1000 Las. LIVE WEIGHT. DAY PER Cow. 


Total Digest- 





aizeat-..1.- thie Fuel Nutri ) milk | Fat in 
; pro- value. ield. milk. 
ene, | tein. Sapa 
Lbs. Lbs. Cat. Lbs. Lbs. 
o Before| 16.2 | 2.23 |32,320) 1:7.0 | 22.0 -91 
an 
& After | 14.6 | 2.18 |29,075| 1:6.5 | 20.8 .87 
3 
; Fa 
Average of 263 rec-| & Approxi- | Dry Dry ible dr 
ords from cows! 3... mate cost) matter | matterin | matter in 
averaging 4.9 a Fat in of food | in food | food for fod aoe 
é raging x. 2» milk. for one | for one one Ib. each tb 
yrs. old and 5.7] &3 Ib. of | Ib. of} | ofmilk | of mitk 
months in milk. : n tes Soa ROSE solids. 
me 
mo 
im SS Sere g Pra a ee Gl Peers) Sa 
3 00 
x rm Per ct. Cts. Lbs. Lbs. Lbs. 
he Before) 4.1 SpA ae 7.9 5.2 
ma 
fo) 
gc, After 4.2 Jipttee 1. 7.5 5.0 








THE AMOUNT OF TOTAL NUTRIENTS AND OF PROTEIN BUT 
LITTLE CHANGED. 

On the average for 39 records, in each of which but little 
change in the amount of total nutrients and of the protein was 
made, there was slightly less than the usual shrinkage of the 
milk yield. There was a moderate rate of gain in weight before 


and after the change of ration. 
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TABLE IV.—LITTLE CHANGE IN THE AMOUNT OF NUTRIENTS OR OF 
THE PROTEIN. 





AVERAGE PER 
Per 1000 Lgs. LIVE WEIGHT. - DAY PER Cow. 


Total Digest- 


digest- | “ipie | Fuet | Nett | wink | Fatin 
ible or- ro- | value tive yield. | milk 
ganic ped *| ratio. eae : 
matter. 
Lbs. Lbs. Cal Lbs. Lbs. 


se 


Before} 14.8 | 1.97 |28,864! 1:7.3 | 19.8 .88 
After | 14.8 | 1.93 /28,885] 1:7.4 | 19.5 .86 





Digest- 


Average of 39 rec- Approxi- | Dry Dry ible dry 


qa 

oo 

ao 

Ss) 

) 

Pa 

io) 

(Tas 

© 

vod 
ords from cows £4 mate cost | matter | matter in 
Sr nee Tieton Fatin | of food | in food! food for | atter In 
: sess 2) a ae 2 i milk. for one | for one one lb. ach ik 
yrs Old “ands 622 mS Ib of lb. of of milk of milk 
months in milk. ae milk. milk. solids. solids. 

Ce] 

=) ee SS | te) ee SE eee 

~ 

Be | 

foo! Per ct. Ors: Lbs. Lbs. Lbs. 

= Before 4.4 -84 ai1 7.8 BSL 

& 

gc, After 4.4 -85 aT 7.8 a | 


THE AMOUNT OF TOTAL NUTRIENTS BUT LITTLE CHANGED 


AND THE PROTEIN INCREASED. 


The average of 44 records when, without change in the amount 
of nutrients, the protein was increased, shows about the normal 
diminution of the milk flow. There was moderate gain in 


weight, somewhat more rapid after the change of ration. 
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TABLE V.—LITTLE CHANGE IN THE AMOUNT OF NUTRIENTS WITH AN 
INCREASE OF PROTEIN. 








AVERAGE PER 


PER 1000 Les. LIVE WEIGHT. Day PER Cow. 











Total F by 
Digest : 
werasmy tbia: |) Buel. | NOE wink, |) Fat in 
panic iA value. ration yield. milk. 
matter. ‘ 
a Lbs. Lbs. Cal. Lbs. Lbs. 
= Before 14.8 1.86 !29,927| 1:7.8 | 22.3 ~05 
ins} 
oa 
° After Te7 2.16 (80,034) 1:6.8 | 21.8 .89 
0) 
J ' 
.O 
oO 
Average of 44 rec-| 2 | b Saveerstl | Dry Dry aa 
ords from cows eH mate cost | matter | matter in : é 
bts v Zo Fatin | of food | infood | food for Pree in. 
averaging yrs. ow milk. forone | forone | one lb. dock ib. 
old and 5.7 months! = ® Ib. of Ib. of of milk ef milk 
in milk. 10 e milk. milk, solids. Celia 
an) 
2S = A | ee rel tt ial ee eae RR Ys we 
=} 
om 
oS Per ct. Cts. Lbs. Lbs. Lbs. 
“rt Before 4.2 -65 9 7.0 4.6 
fy A 
68 J 
& After 4.1 65 9 7.6 5.0 





THE AMOUNT OF NUTRIENTS BUT LITTLE CHANGED AND THE 
PROTEIN REDUCED. 

The average of 43 records when the protein was reduced with- 
out change in the amount of nutrients shows considerably more 
than the usual shrinkage in milk flow. The moderate rate of 
gain in live weight was considerably increased after the change 


in the ration. 
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TABLE VI.—LITTLE CHANGE IN AMOUNT OF NUTRIENTS, WITH A REDUCTION 


OF PROTEIN. 








Average of 43 rec- 
ords” from cows 
averaging 5 
yrs. old and 6.8 
months in milk. 


THE AMOUNT OF NUTRIENTS 


| about 14 days before change 


and 18 days after. 


PER 1000 Les. LIVE WEIGHT. 


AVERAGE PER 
Day PERCow. 





Total 
F _ | Digest- a 
diseere) |b ible Fuel | Nutri | wine | Fat in 
ible or tive 
ganic pro- value. ratio. yield. milk. 
tein. 
matter. 
Lbs. Lbs. Cal. Lbs. Lbs. 
Before 15. 5 2.33. 131,193) 126.6, © 2a 20 .86 
After 15.5 1.83 |31,372| 1:8.4 | 20.1 .83 
a ae J 
Approxi- Dry Dry due ae 
mate cost | matter | matter in matter in 
Fat in of food in food | food for food for 
milk. for one for one one lb. each 1b. 
lb. of lb. of of milk of milk 
milk. milk. solids. solids. 
Per ct, Cts. Lbs. Lbs. Lbs. 
Before | 4.1 .70 tet a: 5.2 
we lee eB AR oe a aa 4.1 -69 iG 8.0 5.5 


ABOVE 15.5 LBS. 


BUT LITTLE CHANGED WHEN 


By grouping without regard to the amount of protein those 


records in which the amount of nutrients, when above 15.5 lbs. 


per 1000 Ibs. live weight, was but little changed, the following 


data are found. 


average, considerable reduction in the amount of protein. 
diminution in milk flow was at about twice the usual rate. 
gain in live weight was considerably 


than before. 


There was, in a majority of cases and on the 


‘The 
The 


greater after the change 
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TABLE VII.—TuHE AMOUNT OF NUTRIENTS ABOVE 15.5 LBs. BUT LITTLE 
CIIANGED. 
eS a a SS SS nS a Eco] 


AVERAGE PER 
Day PER Cow. 





PER 1000 Las. Live WEIGHT. 





aoe Digest- | 
igest- ' : 
thie ors ible Fuel phe Milk | Fatin 


ganic Late value. | yatio, | yield. | milk. 
matter, = 





—_——. | —______.. 





‘ss Lbs. Ibs. Cal. Lbs. Lbs. 
- , A 9 
8 Béfore |) 10-9 2.07 (31,945] 1:7.6| 23.0 .96 
a 
QE OD 
S After 15.6 1.84 31,988 18.5.4, 21-8 -93 
oO 
© ES 
Se 
Average of 42 ree- S Approxi- | Dry Dry ible dry 
ords from cows one rey riate cost tee cue in | matter in 
‘ ; a n Oo ooc 1D 1o00C ooa tor 
See on g 5.9 eS milk, for one | forone one lb. BAS rad 
yrs. old and 6.4) 6% lb. of Ib. of of milk of milk 
months in moilk. i> 2 milk, milk, solids. solids. 
er 
x le ED ce te hs a Bee eee 
ye, 
is a Per ct. Cts. Lbs. Lbs. Lbs. 
«co Before 4.2 .68 0 7.6 ok 
a 
ih After 4.2 .66 1.0 ‘teh 5.4 





THE AMOUNT OF NUTRIPNTS BUT LITTLE CHANGED WHEN BELOW 
15.5 LBS. 

The average for 84 records when the amount of nutrients, less 
than 15.5 lbs. per day per 1000 Ibs. live weight, was but little 
changed, gives the data in the following table. There was no 
change, on the average, in the amount of protein. The shrink- 
age in milk flow was considerably less than usually occurs. 
There was the same moderate rate of gain in live weight before 
and after the change of ration. 
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TABLE VIII.—Tur AMOUNT OF NUTRIENTS BELOW 15.5 LBs. BUT LITTLE 


CHANGED: 








Average of 84 rec- 
ords from cows 
averaving 4.2 yrs. 
old aud 6.1 months 
in milk, 


Per 1000 Les. LIVE WEIGHT. 





AVERAGE PER 
Day PER Cow. 








Total ; 
_ | Digest- y 
digest: | “ible | Fuel | Mtl | mim | Fatin 
ganic pro- value. ratio. yield. milk, 
tein 
matter. 5 
Lbs. Lbs. Cal. Lbs. Lbs. 
& Before | 14.6 2.05 |29,072} 1:7.0 | 20.2 .87 
= 
3 
< After 14.7 2.04 |29,209] 1:7.0 | 19.9 -83 
2 = 
=) 
SH - 
Ss _ Approxi- Dry Dry ible ary 
5 mate cost | matter | matter in matter ad 

2S Fat in of food | in food | food for teontar 
23 milk forone | forone | one lb. each Ib 
OS! 5 lb. of lb. of of milk of milk 
~ b> milk, milk. solids. solida. 
mo 
| 
= a a a 
Om 
Bed Per ct. Cts. Lbs. Lbs. Lbs. 
= Before| 4.3 75 1D 7.5 4.9 
Cc 
4 After | 4.2 | 15 1.7 5.1 


AN INCREASE IN THD AMOUNT OF NUTRIENTS WITH BUT LITTLD 


CHANGE IN PROTEIN. 


The average of 73 records which cover periods when this 
change in the ration was made is shown in the following table. 
No shrinkage in milk flow followed, on the average, but instead 


a very slight increase. 


There was a little loss in live weight 


before the change and a good average rate of gain afterward. 
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TABLE IX.— THE AMOUNT OF ToTAL NUTRIENTS INCREASED, WITH LITTLE 
CHANGE OF PROTEIN. 


AVERAGE PER 








PER 1000 LBs, LIVE WEIGHT. Day PER Cow. 
Total A 
_ | Digest- 2 
digest | “iple | Fuet | N&erl | yuk | Fatin 
ganic pro- value. ratio. yield. milk. 
matter, | ‘ein. 
te ee ee | BS La a a at a 7 
3 Lbs. Lbs. Cal. Lbs. Lbs. 
sp Before} 13.9 2.04 |27,985| 1:6.4 | 22.2 -91 
r= 
3 
3 After 15.9 | 2.06 (82,575) 1:7.7 | 22.3 -90 
o pak SS 
= 
— F 
Average of 73 rec-| 3 , Approxi- | Dry Dry one ies 
ords from cows . mt rah oe coat matter yee in matter a 
‘ 2041 ae) atin of foo in food ood for e 
averaging 4.7 yrs. She milk. forone | for one one lb. age {or 
oldand4.6months ; < % lb. of Ib. of | of milk | Ceo ik 
in milk. Q > mill. milk. | solids. solids. 
ree] 
=) a ea I ec 
oe 
- a Per ct. Cts. Lbs. Lbs. Lbs. 
;, q Before ar 1 .70 8 625 4.3 
of 
Fi After 4.0 ua te Ea) 7.5 4.9 


AN INCREASHD IN AMOUNT OF NUTRIENTS AND ALSO OF THE PROTEIN. 


The average from 132 records, each of which covers periods 
when this change in the ration was made, gives the data of the 
following table. Less than the usual diminution in milk flow 
followed the change. There was but a very moderate increase 
in live weight under either ration. 
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TABLE X.—THE AMOUNT OF TOTAL NUTRIENTS INCREASED AND ALSO THE 
PROTEIN. 








AVERAGE PER 


Per 1000 Les. LIVE WEIGHT. Day PxeR Cow. 


Total | pigest- 
digest | “inte | Fuet | NUE ) mink | Fatin 
ible or- | pro. | value. i yield. | milk. 
ganic tein ratio. 
matter. 3 
fn) 
op Lbs. Lbs. Cal. Lbs. Lbs. 

= Before| 14.5] 2.03 |28,633) 1:6.9 | 22.4 90 
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o 

‘o After 16.0} 2.44 |31,863) 1:7.0 | 22.1 -89 
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oe a Se 

So 

fF — Per ct. Cis. Lbs. Lbs. Lbs. 

e<= Before 4.0 -70 z9 7.1 4.5 

rc 

Oo 8 

= After 4.0 eal 1.0 | 7.8 | apt 


AN INCREASH IN THE AMOUNT OF NUTRIENTS WITH A REDUCTON OF 


THE PROTEIN. 


The average of 63 records when this change in the ration 
occurred shows no shrinkage in the milk flow but a very slight 
increase. There was an average gain in weight of about one 
pound per day after the change, about twice as much as pre- 
ceded it. . 
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TABLE XI.—THE AMOUNT OF TOTAL NUTRIENTS INCREASED AND THE 
PROTVIN REDUCED. 








AVERAGE PER 


PER 1000 Les. LIVE WEIGHT. Day PER Cow. 


Total 











Sees Digest- A 
digest | “ible | Fuet | NWEP | mink | Fatin 
ganic pe value. ratio. yield. milk. 
matter. i 
op Lbs. Lbs. Cal. Lbs. Lbs. 
g Before Lack 2.68 |29,318) 1:5.2 | 21.1 .86 
Tas] 
a ; = 
S After 16.5 2. 22°32, 882) 17.077) 21.9 .88 
© 
H 
; a 
Average of 63 rec-| 5 Approxi- | Dry Dry tpn acy 
rc O W ° mate cost | matter | matter in ah cee 
4 appt? Me oe F Be Fat in of food | infood | food for thas 
averaging Pe milk. for one for one oue Ib. Sauk 10 
wre Ouleand 5.9.4. Svs ib. of Ib. of | of milk | Of milk 
months in milk. w mn milk. milk. solids. solids. 
at) 
os) 
1S ry Renereed GTUMGEETT. TESS & ij. anl . eens Lewes ce © 
~ 10 
Sx Per ct. Cts. Lbs. Lbs. Lbs. 
«<rso Before 4.1 12 1.0 7.8 5.0 
He 
gs After 4.2 -74 TL 8.4 5.5 


AN INCREASE IN AMOUNT OF NUTRIENTS TO NOT MORB THAN 15.5 LBS. 


The average of 111 records, in each of which there was an 

increase in the amount of nutrients to not exceeding 15.5 Ibs. 
per day per 1000 Ibs. live weight, is shown in the following table. 
The average inerease in nutrients was slight but the usual 
shrinkage in milk flow did not occur. In 61 instances there was 
a decided increase of protein in the ration, in 24 instances a 
decided reduction and in 26 instances little change. There was 
but slight average gain in live weight. 
— With but little change in amount of protein—The average of 
the 26 records in which little change in the amount of protein 
occurred shows a trifle less than the usual diminution of milk 
yield expected at this stage of lactation. The average increase 
in amount of nutrients was but little. A slight loss in live 
weight occurred. See A in Table XII. 

With an increase in the amount of protein.—Sixty-one records 
show a slightly greater average yield of milk following the mod: 
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erate increase of the total nutrients and more pronounced in- 
crease of protein. There was practically no change in live 
weight on the average. See B, Table XII. | 

With reduction of the protein—tIn C, Table XII, are the data 
from the 24 records when with a little increase of the total 
nutrients there was considerable reduction of the protein. But 
very slight shrinkage in the milk flow occurred. There was a 
moderate rate of gain in weight before the change and a more 
rapid one afterward. 


AN INOREASE OF TOTAL NUTRIENTS FROM LESS THAN 15.5 LBS. TO 
MORD THAN 15.5 LBS. 


In the following table are the average data from 116 records 
when this increase in the ration was made. The average milk 
yield suffered none of the usual diminution. There was a slight 
average loss in live weight before the change of ration and a 
gain of over one pound per day per cow afterward. 

With but little change in amount of protein—The average of 47 
records when with the above increase of nutrients there was 
but little change in protein is shown in A of Table XIII. Con- 
siderable increase in milk yield followed. There was consider- 
able loss in live weight before the change and an average gain 
of about two pounds per day afterward. 

With an increase of the protein—The average data from 43 
records are given in B of the same table. In each of these there 
was an increase in the amount of protein averaging about 20 
per ct. The shrinkage in milk flow slightly exceeded the normal 
rate. There was a loss in live weight before the change of 

ration and a good rate of grain afterward. 

With a reduction of the protein—The average of 26 records in 
each of which the amount of protein was reduced is given in C 
of the table. While the amount of digestible protein per day 
was reduced about one-half pound, the average amount did not 
fall below 24 lbs. An increase in milk flow followed the change 
and but slight increase in the cost of production. There was a 
good rate of gain in live weight. 
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AN INCREASE OF THE TOTAL NUTRIENTS WHEN MORE THAN 15.5 LBS. 

In Table XIV are the average data from 41 records when the 
amount of total nutrients above 15.5 Ibs. was increased. There 
was on the average a slight increase in the amount of protein. 
The diminution in milk flow following the change was consider- 
ably less than usually oecurs during the same time without 
change in the ration. There was a good average gain in weight 
before the change but not afterward. 

With an increase of protein.—Twenty-eight of the records in 
each of which there was an increase of the protein show about 
the same average results as all the above (B, Table XIV). There 
was a good gain in weight before the change but some loss after- 
ward. 

With a reduction of protcin.—Only 13 records show the increase 
of nutrients with a reduction in the amount of protein. There 
was but light shrinkage in the milk flow. There was a good 
rate of gain in weight which became much slower after the 


change. 


A REDUCTION IN THD AMOUNT OF TOTAL NUTRIENTS WITH BUT LITTLH 


CHANGD IN AMOUNT OF PROTEIN. 

The average data from 82 records, each of which covers a 
period when this change in the ration was made, are given in 
Table XV. The average reduction of nutrients, was only about 
one pound. The shrinkage in milk flow was a little faster than 
would usually occur. The moderate rate of gain in live weight 


was not affected. 
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TABLE XV.—THE AMOUNT OF NUTRIENTS REDUCED WITH LITTLE CHANGE 








Average of 82 rec- 
ords from~. cows 
averaging 4.7 
yrs. old and 5.7 
months in milk. 


A REDUCTION IN 


e 


For about 18 days before change 
and 18 days after. 


Or 


PROTEIN. 


AVERAGE PER 


PER 1000 LBs. LIVE WEIGHT. DAY PER Cow 


: 

Total 

Toco | bigest- Ps 

digest | “ible | Fuel | NOt’ | muk | Fatin 
ganic —_ | value ratio. | Yield. | milk. 
matter,| ‘%e- | 


ee 














Lbs. Lbs. Cal. Lbs. Lbs. 
Before | 15.4 | 2.12 |30,628) 1:6:9 | 21.3) .93 
After | 14.4 | 2.05 |28,530| 1:6.7 | 20.6 | .90 
Approxi- Dry Dry Digest- 
mate cost |matter | matter in | ible dry 
Fat in of food |infood| foodfor | Matter in 
milk. forone |for one| one ib. food for 
lb. of Ib. of | of milk each lb. 
milk. milk. solids. of milk 
solids. 
Per ct. Cts. Lbs. Lbs. Lbs. 
Before | 4-4 -73 1.0 7.7 5.0 
After | 4-4 | -74 | 1.0 | Te 4.9 


AMOUNT OF 


TOTAL NUTRIENTS WITH AN INCREASE 


OF PROTEIN. 


The following table shows the average from 72 records when 


this change in the ration occurred. 


ras considerably greater than is usual. 


The falling off in milk yield 


The rate of gain in live 


weight was about three-fourths pound per day before the change 


and less than half as fast afterward. There was an increase in 
eest of milk production. 
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TABLE XVI.—TuE AMOUNT OF NUTRIENTS REDUCED WITH AN INCREASE OF 


PROTEIN. 








Average of 72 rec- 
ovds from cows 
averaging 5.2 
yrs. old and 5.3 
mouths in milk. 





AVERAGE PERK 


Per 1000 Las. LivE WEIGHT. Day PER Cow. 








Total 














Digest- s 
digest: | “bie | Fuer | Nv’ | mune | Fat in 
ganic aie value. ratio. yield. milk. 
matter. ov 
2 Lbs. Lbs. Cal. Lbs Lbs. 
=~ Before.| 1.16} 2.10.\82,494) 1:7.5 |°22:6 90 
as} 
ao € i 
cS) After 14.6 | 2.54 |29,023| 1:5.2 | 21.6 . -88 
ro) 
i= 
3 | 
lip Approxt- Dry Dry sree 
nm mate eost | natter | matter in rhatsneste 
ayes Fat in of food in food food for food tor 
ae milk. for one for one one lb. each 16 
se) lb of a of milk of nila 
mn milk. milk. solids. 
ts solids. 
cs 
qo 
=| 
ie @) 
ve Per ct. Cts. Lbs. Lbs. Lbs. 
os Before 4.0 -70 1.0 7.8 Pay. 
Ae 
° 
es lAtters ) del | T81” AO ers 4.9 


A REDUCTION IN AMOUNT OF TOTAL NUTRIENTS AND OF PROTEIN. 


In Table XVII are the average data from 109 records, each of 


which covered periods when this reduction was made. 


The 


diminution in milk yield was about twice as much as would nor- 


mally occur under ample unchanged rations. 


The rate of gain 


in live weight, which was over one-half pound per day, became 


very slow after the change of ration. 
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TaBLE XVII—THE AMOUNT OF NUTRIENTS REDUCED AND ALSO THE 
PROTEIN. 
ee 


AVERAGE PER 


Per 1000 Les. LIVE WEIGHT. Day Per Cow. 





Total 














Digest- e 
Gigest- | “ible | Fuel | Nuvo” | Milk | Fat in 
ganic pro- value ratio yield. | milk. 
matter. tein 
ia LN fel St, Led ak el 1 lal dl Sa, 
© Lbs. Lbs. Cal. Lbs. Lbs. 
od Before | 16.8 | 2.41 |83,478) 1:6.6 | 22.2 .90 
os 
4 after | 14.7] 2.03 |29,519| 1:7.2 | 20.5 .85 
© 
© ees 
° 
“a , 
Average of 109rec-| § | Eoproxt |— Diy Dry Digest- 
ords from cows 4 mate cost | matter | matter in | |. pes e 
. 4.8 Eis Fatin | of food | infood | food for hoa As 
averaging 4. a4 milk. |~forone | for one one lb. h lb 
yrs. old and 5.9 |,c Ib. of Ib. of | of milk 1 CK 
mouths in milk. mB ts milk. jy solids. solids. 
3 
— ico) 
ae 
= ial Per ct. Cts. Lbs. Lbs. Lbs. 
@o Before 4.1 .712 1.0 8.1 5.4 
He 
gc After 4.1 By fh A T.5 5.0 

















REDUCING THE AMOUNT OF NUTRIENTS WHEN LESS THAN 15.5 LBS. 

The average data from 127 records, each of which covers a 
period when the amount of total nutrients, in no case exceeding 
15.5 lbs. per day per 1000 lbs. live weight, was reduced, are 
found in Table XVIII. The average reduction was a moderate 
one. The milk flow diminished somewhat more rapidly than is 
usual under a continuously favorable ration. The rate of gain 
in live weight was slow. 

With but little change of protein—The average of 67 records 
when there was but little change of protein with the moderate 
reduction of the total nutrients, shows a little less than the 
normal shrinkage in milk flow. Little increase in live weight 
occurred. (A, Table XVIII.) | 

With an increase of protein—tThere are 27 records in which 
there was a decided increase of protein in the ration. The aver- 
age shrinkage in milk was greater than normally occurs. There 
was little change in live weight. (B, Table X VITL.) 
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New York AGricuLtuRAL EXPprRIMENT STATION. 93 
With a reduction of protein—The average from 33 records 
when there was a reduction of protein,as well as of total nutri- 
ents is shown in C of the same table. These cows were some- 
what younger and the stage of lactation a little later than with 
the others. The shrinkage in milk flow was at about twice the 
normal rate for this stage of lactation. There was a good gain 
in weight before the change but much less afterward. 
REDUCING THE AMOUNT OF NUTRIENTS FROM ABOVD 15.5 LBS. TO 


LESS THAN THAT AMOUNT. 


Table XIX shows the average from 86 records when this 
reduction in the amount of nutrients was made. The shrinkage 
in milk flow was at twice the normal rate under a favorable 
ration. There ’was an average gain in weight of about three- 
fourths pound per day before and none after the change of 
ration. | 

With an increase of protein.—In 45 of the above records there 
was an increase of protein. These show an average falling off 
in milk production slightly greater than normally occurs. The 
average gain in weight was at the rate of about one pound per 
day before the change of ration and less than half as much after- 
ward. (B, Table XIX.) 

With a reduction of protein.—In 41 records there was a reduc- 
tion of the protein. These show a shrinkage in milk flow at 
about three times the normal rate. There was a moderate gain 
in live weight before and considerable loss after the change of 
ration. (C, Table XIX.) 


REDUCING THE AMOUNT OF NUTRIENTS TO NOT LESS THAN 15.5 LBs. 


The averages from 50 records, each of which covers a period 
when this reduction of nutrients was made, are found in Table 
XX. There was, on the average, considerable reduction of pro- 
tein. The milk flow diminished somewhat more rapidly than 
usual. The rate of increase in live weight was a good one but 
somewhat slower after the change of ration. 
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With but little change of protein.—There were only 15 records 
when but little change of protein occurred. There was a falling 
off in milk yield greater than usual. The gain in live weight 
was at the rate of about one-half pound per day before and at 
about one-third pound per day after the change. 

With some reduction of protein.—The average from 385 records 
when there was a reduction of protein shows something more 
than the normal shrinkage in milk flow (C, Table XX). The 
rate of increase in live weight, over a pound per day before the 
change of ration, was about half as much afterward. | 


REMARKS. 


The proportional increase or reduction of the total nutrients 
in corresponding groups was not always regular but varied con- 
siderably. In general the milk flow increased most or dimin- 
ished least when the highest percentage of increase was made in 
the amount of total nutrients, without regard to the protein 
content. Among the groupings of records in which the amount 
of nutrients was reduced, the most rapid shrinkage in milk 
flow occurred generally when the percentage reduction of nutri- 
ents was greatest, although this usually was associated with a 
reduction of the protein. 

A statement of the general results accompanying changes 
which related to different amounts of total nutrients, is given 


in the summary. 


THE ENERGY OF THE RATION. 


As a rule, the fuel value of the ration changed in about the 
same proportion as the amount of total nutrients, but not 
always. Occasionally quite a different relation was caused by 
the unusual proportion of fat existing in some of the grain 
products fed. At the time many of these records were made 
cottonseed meal and some gluten feeds contained over 18 per 


cent. of fat, gluten meals from 12 to 21 per cent., and the ground 


flaxseed about 38 per cent. 
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The different individual records were all grouped and averaged 
according to variations in the fuel value above and below 30,000 
Calories per day per 1000 lbs. live weight. In general, with 
the food used, a ration with a fuel value of 30,000 Cal. would 
- contain 15 lbs. of total digestible organic matter. 

As would be expected the comparisons of rations on the basis 
of energy showed the same general tendencies evidenced by the 
comparison of somewhat related groupings made according to 
the amount of total nutrients, although the effect of the protein 
relation was more evident. 

Statement of the general results which accompanied changes 
in the fuel value of the ration will be found on p. 63 in the gen- 


eral summary. 


THE PROTEIN CONTENT OF THE RATION. 


In formulating rations more consideration has been always 
given to the protein than to other constituents both because it is 
so essential and because it is so seldom found in excess in the 
cheaper foods. The nutritive ratio is based upon the relative 
amount of protein. The absolute amount desirable in a ration 
has also been indicated in the standards. The data from the 
groupings of the different records made with relation to the 
absolute amount of protein are here presented. Those from 
comparisons made on the basis of nutritive ratio are later con- 
sidered. 

LITTLE CHANGR IN THE PROTEIN CONTENT. 
_ The average data from 91 records which covered periods when 
little change in the amount of protein was made, although there 
was some increase of the total organic nutrients in the ration, 
are found in Table XXI. The falling off in milk yield was less 
than the normal amount. The rate of gain in live weight was 
slow but somewhat faster before the change than after, 
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TABLE XXI.— LITTLE CHANGE IN THE AMOUNT OF PROTEIN, 





Average of 91 rec- 
ords from cows 
averaging 4.5 
yrs. old and 4.9 
months in milk. 


For about 20 days before change 


aud 19 days atter. 








Before 
After 


Before 


After 


For 1000 Les. LIVE WEIGHT. 


Total 
digest- 


ible or- 


ganic 


matter. 


Lbs. 
14.6 


15-0 


Fat in 
milk. 





Digest- 
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AVERAGE PER 
Day PER Cow. 





ible Fuel Stee Milk Fat in 
pro- value. yield. milk. 
tein. ratio. 
Lbs. Cal. Lbs. Lbs. 
2.01 '28,813) 1:6.8 | 21.1 -91 
2.03 |31,611) 1:7.5 | 20.7 -91 
Approxi- Dry Dry | ‘onae 
mate cost | matter | matterin matter In 
of food in food food for food for 
for one for one one Ib. each Ib 
Ib. of lb. of of milk of mitk. 
milk. milk. solids. solids. 
Cts. Lbs. Lbs. Lbs. 
ay bi 9 6.9 4.6 
10 10) (ein 5.0 





AN INCREASE OF PROTHIN. 


The average of 


rey 
273 


records, each of which covers a period 


when the amount of protein in the ration was increased, is 
shown in Table XXII. 


increase in fuel value. 


There was, on the average, also a slight 


The shrinkage in milk flow was about 


half as great as would normally occur. 


The very moderate rate 


of gain in live weight was somewhat increased by the change. 
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TABLE XXII.—AN INCREASE IN AMOUNT OF PROTEIN. 
SS SS a a a a ae eee ea} 


AVERAGE PER 
Per 1000 Les. LIVE WEIGHT. Day PER Cow. 














Total 
scaat. | Digest- 3 
mee} ible: | ¥ael “NUE! | wok | rat in 
ganie pro- value. ratio. yield. milk, 
matter. om. 
oO Lbs. Lbs. Cal. Lbs. Lbs. 
= Before | 14.9 2.04 '29,725) 1:7.0 | 22.5 .92 
} 
S After | 15.3°| 2.42 |30,680] 1:6.0 | 22.2 91 
? 
© 
~ 
3 | 
Average of 273 rec- Ss Approxi- Dry Dry Beene 
ords from cows “ mate cost | matter | matter in Be jae 
averag ing 4.5 = fa) Fat in of food in food | food for food for 
5 het milk. for one for one one |b. Hib 
yrs. old and 5.2, 62 Ib. of Ib. of | of milk (|) Oe ae 
months in milk. es 2 milk, milk. solids. solids. 
elt 
aa z 
t 
S 7 Per ct. Cts. Lbs. Lbs. Lbs. 
ay Before 4.1 -69 “0 7.2 4.7 
5 8 
c After 4.1 133) F120 7.6 4.9 





A REDUCTION OF PROTEIN. 


The average from 297 records which cover periods when the 
amount of protein in the ration was reduced give the data in the 
following table. There was, with this reduction, a slight lower- 
ing of the fuel value. The shrinkage in milk yield was at con- 
siderably more than the normal rate. The moderate increase in 

_ live weight was not affected by the change. 
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TABLE XXIIJ.—A REDUCTION IN AMOUNT OF PROTEIN. 





PER 1000 LBs. LIVE WEIGHT. Fpege mr, 


Total Digest- 





, digest- | “ipie | Fuer | Nutri | Mix | g 
ible or- asi id tive at in 
ehule pro value. | sitio. | yield. | milk. 
matter. ad 
9) Lbs, Lbs. Cal. Lbs. Lbs. 
© Before | 15.8 | 2.38 31,456) 1:6.4 | 21.5 .90 
w 
Ae 
5 after |¢15.1'| 2.02 30,197 1:7.3 | 20.5 | .86 
5 a 
S 
Averages of 297 ree-| 6 Approxi- | Dry Dry : Hines 
rds P mate cost | matter | matter in : 
ds from rE 8 ‘ag Fatin | of food | in food | food for mans 
averaging 4. oo milk, | for one | forone | one lb. eae ib. 
yrs. old and 6.1]  c3 tb, of | Ib, of | of milk | or nik 
bs in milk 3 milk. milk. solids, “a 
months in milk. t~ solids, 
mM 
b> 
a ores: 
ge Per ct.| Cts. Lbs, Lbs. Lbs. 
ar Before 4.2 -74 L4 8 0 52s 
hs 
© * After 4.2 SID BOF 7.8 5.2 


LITTLE CHANGE OF PROTEIN AND IN THE AMOUNT OF NUTRIENTS. 


On the average for 49 records when there was little change in 
the amount of protein or of the total nutrients there followed 
about the normal reduction in the milk yield. The moderate 
rate of gain in weight was not much influenced. The following 
table contains the average data, 


New York AGRICULTURAL EXPERIMENT STATION. 101 


TABLE XXIV.—LITTLE CHANGE IN PROTEIN AND AMOUNT OF TOTAL 
NUTRIENTS. 








AVERAGE PER 


PER 1000 Las, LIVE WEIGHT. Day PER Cow 





Total 











Digest- A 
fees | ibie | Puet | Nutr | a | Fatin 
ganic pro- value. | ratio. yield, | milk, 
matter,| ‘el. 
2) Lbs, Lbs. Cal, Lbs. Lbs. 
c0 Before | 14.3] 1.84 |28,096) 1:7.3/ 19.1 .86 
I 
So After | 14.4] 1.84 [28,124] 1:7.4| 18.6 .82 
o ~ 
© Aaa LA ye tier 
& 
Average of 49 rec-| 3 Approxi- | Dry Dry Pei 
ords from cows 3 mate cost | matter | matterin | patter in 
. 2 54 Fatin | of food | infood | food for 
averaging 4.1 bo t food for 
5 : ® 4 milk, for one orone | one lb. each Ib 
yrs. old and 4.9) 3% lb. of lb. of | of milk | Of milk 
months in milk, enon milk. nil, | solids. solids. 
ae 
i) > Gaia! far pera 6° er 9 remem Nei 
5 eas Per ct. Cts. -| Lbs. Lbs. Lbs. 
3_, Before 4.5 15 1.0 7.2 4.8 
HA 
f° After 4.4 -78 | 1.0 7.4 4.9 


LITTLD CHANGD OF PROTEIN WITH AN INCREASH IN AMOUNT OF 
NUTRIENTS. 


Thirty-five records for periods when, with little change in the 
amount of protein, there was an increase of total nutrients 
show onthe average a slight increase in the milk flow—without 
change in the cost of production. There was a slight gain in 
weight before the change of ration and some loss in weight 


> 


afterward. 
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TaBLeE XXV.—LITTLE CHANGE OF PROTEIN WITH AN INCREASE OF 
ToTAL NUTRIENTS. 





AVERAGE PER 


Pree 1000 Las. LIVE WEIGHT. Day PER Cow. 











Total 
Digest- i. 
jiisest | “ible | Fuel | NO’ | Mik | Fat in 
ganic pro- value.} ratio, | Yield. | milk. 
matter.| ‘iD. 
Lbs. Lbs. Cal. Lbs. Dose 
.@) F sos aie F 
Before | 14.2 | 2,23 128,197] 1:5.8 | 22.4 96 
After | 16.8 | 2,28 |35,832) 1:7.4 | 22.5 97 
Average of 35 rec- | Roordae | vanes: Dey Ry v5 
ords from cows mate cost | matter | matter in matter in 


Fat in | of food in food | food for’ | ‘eoog for 





For about 24 days before change 


averag in & 4.5 iB milk for one for one one lb. 
yrs. old and 5.0 S Ib. of Yb..of |) of milk tees ce 
months in milk. = milk. milk. solids. solids. 
Pa 
a ey ee SSS Oe eEEeEee 
SO 
co Per ct, Cts; Lbs. Lbs. Lbs. 
we Before 4. ae /. 9 6.4 4.2 
a 
& After 


4.3 - 74 a 7.8 5.1 





AN INCREASE OF PROTEIN WITH LITTLE CHANGE IN AMOUNT OF 
‘NUTRIENTS. 


The average of 65 records shows, following this change in the 
ration, about the normal diminution in milk flow or slightly less. 
There was a slight average loss in live weight before and none 
after the change. 
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TABLE XXVI.—AN INCREASE OF PROTEIN WITH LITTLE CHANGE 
or NUTRIENTS. 


? AVERAGE PER 








Per 1000 Las. LIVE WEIGHT. Day PER Cow. 
Total 
Digest- 
| Pri Sete ‘ore |) Fue), phe? 9 Milk | Fatin 
ganic Ae value. | yatio yield. | milk. 
matter. } “€*: 
Lbs. Lbs. Cal. Lbs. Lbs. 
o Before| 14.3 | 1.91 (28,825) 1:7.2 | 21.9 .92 
cD 
& After | 14.5] 2.28 |29,167| 1:6.0 | 21.4 .88 
3 
g 
Average of 65 rec- = Approxi-{is, Dey Dry wien 
ords from cows] 3 .: mate cost | matcer | matterin | a terin 
arerarins 45 east Fatin | of food | in food | food for | ‘soca tor 
Pe BUS 8.0. | 5 Des milk. | for one | for one| one lb. | Coon ip 
yrs. old and 5.0 23 Ib. of | Ib, of ae of milk 
months in milk, = n milk. | milk. paninrey solids, 
a8 
29 ——. | |__| —_— |. 
on Per ct. | ~ Cts. Lbs. Lbs. Lbs. 
ay Before 4.2 -65 9 6.8 4.4 
a) 
° 
c After 4.1 .68 1.0 7.3 4.7 





AN INCREASE OF PROTEIN AND OF TOTAL NUTRIENTS. 


One hundred and thirty-four records, each of which covers a 
period when there was an increase of total nutrients with that 
of the protein, show, on the average, no shrinkage in the milk 
yield. Without change of ration, there is usually expected, dur- 
ing a similar period, at this stage of lactation, a diminution of 
about 2.5 per cent. The very slow rate of gain in live weight 
was moderately increased. 
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TABLE XXVII.—AN INCREASE OF PROTEIN AND OF TOTAL NUTRIENTS. 





AVERAGE PER 
Day PER Cow. 


PER 1000 Las. LIVE WEIGHT. 





Total 
digest- Digest- 





Fuel | Nvtrl- | wink | Fatin 


























ible 
ible or- tive 
ganic a value. ratio. A yield. milk. 
matter. . 
in Lbs. Lbs. Cal. Lbs. Lbs. 
p= Before 14.5 2.03 |28,734) 1:6.9 | 22.8 91 
3 
a 
rs) Alter $4 16:2 | 2.42 52,479 1:6.5 | 22.8 -91 
® 
A a a 
ae 
Average of 134 rec-| § Approxi. | Dry Tee Fras 
ords from eows . mate cost | matter | matter in maktan i 
averagvin 4.9 pe & Fat in of food infood | food for food fur 
ag g : eX milk. for one for one one lb. each Va 
yrs. old and 5.0} oY Ib. of Ib. of | of milk | Se milk 
months in milk. ~ 2 mathe. bat wpe rng solids. 
a 
3° 
2a Per ct. Cts. Lbs. Lbs. Lbs. 
er Before 4.0 -69 9 7.0 4.5 
gin 
ios} 
° r= 
= After 4.0 -73 1.0 | 7.8 5.1 





AN INCREASE OF PROTEIN WITH SOME REDUCTION OF THE TOTAL 
NUTRIENTS. 


The average data from 74 records when the change in ration 
was of this character are found in the following table. The 
milk yield diminished somewhat faster than it normally should. 
From nearly a pound per day the average rate of gain in live 
weight fell off to less than one-half pound per day. 
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TABLE XXVIII.—AN INCREASE OF PROTEIN WITH A REDUCTION OF TOTAL 
NUTRIENTS. 


AVERAGE PER 


Per 1000 LBs. LIVE WEIGHT. Day PER Cow. 
































Total 
Digest- 
figest- | “ible | Fuel | Mtr | Mink | Fatin 
ganic pro- value. ratio yield. milk. 
mi tein. 
atter. 
A Lbs. Lbs. Cal. Lbs. Lbs: . 
=  Before| 16.0] 2.17 |32,308) 1;7.1 | 22.6 .90 
ra | 
qq 
S After 14.4 | 2.55 28,751 1:5.2 | 21.7 .89 
oO 
faq a 
So} 
Average of 74 rec-| 3 Approxi- | Dry Dry pice 
ords from cows ty mate cost | matter | matterin | Ja tter in 
* Bey lah ‘Fat in of food in food | food for food for 
averaging o. ated milk. | forone | forone| one lb. Lierg rs 
yrs. old and 5.3 a8 lb. of Ib. of of milk of milk 
months in milk. = a milk. milk. solids. solids. 
NA 
es Soke Uae Se A A ig SE fot) be 
aes) 
am Per ct. Cts. Lbs. Lbs. Lbs. 
ec Before 4.0 -71 BU 7.8 ea | 
w 8 
c After 4.1 7 La eo 7.5 4.9 


AN INCREASE OF PROTEIN WHEN LESS THAN 2 LBS. AND MORD THAN 


1.6 LBS. 


One hundred and twenty-seven records cover periods when sucha 
change was made. There was also on the average a slight in- 
crease in the total nutrients. The average data are given in 
Table XXIX. The milk flow diminished scarcely any. There 
was a moderate loss in live weight before and a slow gain after 
the change of ration. 

With little change in amount of nutrients —When the amount of 
nutrients was but little changed in 53 instances there followed 
about the normal falling off in milk production (A, Table XXIX). 
Under the rations fed there was a moderate loss in live weight. 

With an increase of total nutrients—When there was an in- 
crease of the total nutrients in 65 instances there followed an 
appreciable increase in the milk production, and the cost of pro- 
duction was somewhat higher. There was some loss in live 
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weight before and a gain after the change of ration (B, Table 
X XIX). 

With a reduction of nutrients—In only 9 of the records there 
occurred, with this same increase of protein, a reduction in the 
amount of total nutrients. In these few instances there was a 
rapid diminution of milk flow with a much greater cost of pro- 
duction. 


AN INCRBASE OF THE PROTEIN WHEN ABOVE 2 LBS. AND LESS THAN 
Oz es, 


There are 56 records which cover periods when this change in 
the ration was made. There followed a diminution of milk flow 
at a little less than the normal rate. The gain in live weight, 
fairly good before, was very little after the change. The data 
are found in Table XXX. 

With an increase of nutrients —After an increase of protein, 
with an increase in the amount of nutrients, in 28 instances 
there followed very much less than the usual diminution in 
milk flow. There was a good rate of increase in live weight 
before but a moderate loss after the change. See B in Table 
XXX. 

With a reduction of nutrients—When, with the increase of pro- 
tein, there was a reduction in amount of nutrients in 28 in- 
stances, the following decrease in milk production was at a 
faster rate than normal. There was a good rate of gain in 
weight, but slower after the change. . 


AN INCREASE OF PROTEIN WHEN BETWEEN 2.25 LBS. AND 2.5 LBS. 

The average data from 72 records which cover periods when 
this increase in protein content was made are found in Table 
XXXII. The milk flow diminished but very slightly. The live 
weight increased on the average faster after the change than 
before. 

With an inerease of total nutrients.—Thirty-two records cover 
periods when with the increase of protein there was an increase 
of total nutrients. The milk yield was very slightly increased. 
There was a loss in live weight before the change and a con- 
siderable gain afterward. 
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With some reduction of nutrients—The average of 28 records 
which cover periods when there was a reduction of nutrients 
with the same increase of protein as above is shown in C of 
Table XXXI. There occurred a diminution in milk yield at 
about half the normal rate. The gain in live weight was much 
slower after the change than before. 


AN INCREASE IN THE AMOUNT OF PROTEIN ABOVE 2.5 LBS. 


Only 18 records cover periods when this change in the ration 
occurred. With half of them there was an increase of total 
nutrients and with half a reduction. There was a more than 
usually rapid falling off in milk for both groups. On the aver- 
age there was a slight increase in amount of nutrients. The 
average shrinkage in milk was twice as much as it would 
normally be. The gain in live weight was much slower after 
the change of ration. Little change in the cost of production 


occurred. 


TABLE XXXII.—AN INCREASE OF PROTEIN WHEN ABOVE 2.5 LBs. 


AVERAGE PER 
PER 1000 LBs LIVE WEIGHT, Day PER Cow. 


Total 
: Digest- = 
digest- | “inie | Fuel | NUtrl | wine | Fatin 





ible or tive 
ganic 2 value. ratte yield. milk, 
matter. ‘ 
ep Lbs. Lbs. Cal. Lbs. Lbs. 
= Before; 15.4] 2.52 (80,759) 1:5.8 | 25.5 1.05 
3 
— 
cS After 16.0 2.89 31,792} 1:5.0 | 23.8 -96 
oH 
a) 
oO 
ords from cows > el mate cost | matter | matter in “ate “np? 
averaging 53/| 23 Fatin | of food | in food | food for | "Foca tor 
: : § 2. oS milk. for one | for one | one Ib. O08 20k 
yrs. old and 5.0} 38 Ib. of Ib. of of milk mepe - 
months in milk. 69 By milk. milk. solids. solids. 
Pes | PS fe eee eS | ee 
2 x 
Roo Per ct. Cts. Lbs. Lbs. Lbs. 
sry Before 4.1 .60 8 6.6 4.3 
4 A 
oO 8 
fy After 4.1 .60 9 7.4 42.9 
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A REDUCTION OF PROTEIN WITH LITTLE CHANGE IN AMOUNT OF 
NUTRIENTS. 

One hundred records which cover periods when there was a 
reduction of the protein with little change in amount of nutri- 
ents give the average found in Table XXXIII. Following this 
change there was just about the normal decrease in milk yield. 
The moderate rate of increase in live weight was slightly 
increased. 


TABLE XXXIII.—A REDUCTION OF PROTEIN WITH LITTLE CHANGE OF 














NUTRIENTS. 
. AVERAGE PER 
PER 1000 Les. Live Wer!cuHr. Day PER Cow. 
Total 
; _ | Digest- i 
epee |. ible | Fuel | Natrh') wie | Fatin 
ganie hg value. ratio. yield. milk. 
matter. ; 
Ky Lbs. Lbs Cal. Lbs. Lbs 
2° Before} 15.2 | 2.23 \30,155) 1:6.7 | 19. -81 
ce 
a 
> After 15.1 | 1.84 30,01 Lites | oboe | 81 
® 
H 
a 
Average of 100 ree-| 3 | Approxi- | Dry Dry ible ary 
ords from cows b mate cost | matter | matter in | 200°) 
ee Pd ot 47 pS Fat in |: of food | in food | food for | ood tor 
ee ae ee | ad milk. | for one | forone| one lb. a 
wre..0ldrand 7.15)" 3 % lb. of IbAot’, yp of ‘milk (pOSPNs an 
mouths in milk. 10 B malice fH solids. solids. 
3 
ot ce Sick, Fok ect A Reb t  ieeta teERD (es ie Hatin eR 
= 00 
cS) 
a Per ct. Cis Lbs Lbs Lbs 
3c a Before 4.2 80 bret | 5 
Hog 
f&. After 4.3 .80 Lok 8.2 5.6 


A REDUCTION OF PROTEIN WITH SOMP INCREASE IN AMOWNT OF 
NUTRIENTS. 

The average for 58 records when this change in the ration 
was made is shown in the following table. The accompanying 
reduction in milk yield was slight, much less than would nor- 
mally occur for a similar period. The live weight increased 
much faster after the change. 
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TABLE XXXIV.—A REDUCTION OF PROTEIN WITH SOME INCREASE OF TOTAL 
NUTRIENTS. 





Average of 58 rec- 
ords from cows 
averaging 5.0 
yrs. old and 5.2 
months in milk. 


For about 18 days before change 


and 15 days after. 


Before 


After 





PER 1000 LBs 


Total 


. LIVE WEIGHT. 


AVERAGE PRR 
Day PER Cow. 





; Digest- 
aed ible | Fuel | N eek Milk | Fatin 
ganic pros value. railo, yield. milk, 
matter. < 
Lbs, Lbs. Cal. Lbs. Lbs. 
14.6 2.56 |29,211) 1:5.5 | 22.6 -93 
16.1 2.16 82,191 Liz | 22.4 -90 
Approxi- Dry Dry Digest- 
mate cost | matter | matter in | ble dry 
Fat in| offood | infood | food for pen 6 a 
milk. for one | for one] one lb, Bead ae 
Be ne Ib. of | of mili) | (GAG Rs 
milk. milk. solids. solids. 
Per ct Cts. Lbs. Lbs. Lbs. 
4.1 -67 1.0 7.4 4.7 
4.0 -70 1 8.0 5.2 





A REDUCTION OF PROTEIN AND OF THE TOTAL NUTRIENTS. 


The average data from 139 records when both the protein and 
total nutrients were reduced follow in Table XXXV. The milk 
yield fell off at a rate about twice as fast as the normal one. 


There was a moderate increase in live weight before the change 
of ration and none afterward. 
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TABLE XXNXY.—A REDUCTION OF PROTEIN AND OF TOTAL NUTRIENTS. 








AVERAGE PER 





PER 1000 LBs. LIVE WEIGHT. Day PER Cow. 
Total 
Prams Digest- ~ 
Frases ible Fuel, |) Natt Milk | Fatin 
ernie pro- | value.| jotio, | yleld. | milk. 
matter. ver 
) Lbs. Lbs. Cal. Lbs Lbs. 
©0 ~Before | 16.7 | 2.41 |33,328] 1:6.6 | 22.5 .92 
3 
After | 14.8| 2.09 (29,495 1:6.9 | 21.0 -90 
fab) e 
ec re Sn eC i 
Ss 
a i ti- 
Average of 139 ree- oo 3S Approxi- Dry Dry ioe are 
ords from cows n mate cost | matter | matter in | matter in 
yer 4.8 oie Fat in| of food | infood | food for | ¢o04 for 
Be raging 4. ae milk. | for one | forone| one lb. oneit ike 
yrs. old and 5.8) 3 Ib. of Ib. of | of milk | of milk 
months in milk. oo = milk. milk. solids. solids. 
rsd 
a vis SOR PE aes el Ve: EE «4 Saal sal as pla es 
a3 
Per ct. Cts. Lbs. Lbs. Lbs. 
& Before 4.1 72 Ea) 7.9 5.4 
ha 
& After 4.3 Re Apa at 7.3 4.9 


A REDUCTION OF THE PROTEIN WHEN MORE THAN 2.5 LBS. 


One hundred twenty-three records when there was this reduc- 
tion of protein give the average data found in Table XXXVI. 
The average yield of milk diminished at about half the normal 
rate. The rate of increase in live weight, at about one-half 
pound per day, was not affected. 

With little change in amount of nutrients—When there was 
little change in the amount of nutrients in 31 instances the 
average result shown in A of Table XXXVI was obtained— 
which was practically the same as the total average above 
given. 

With an increase of total nutrients——In 47 instances, when an 
increase of total nutrients occurred, there followed no reduction 
in the milk yield, but a slight average increase. The rate of gain 
in weight from about one-half pound per day became about one 
pound per day. (B, Table XXXVI.) 

With a reduction of total nutrients.—When there was a moder- 


ate reduction in the amount of total nutrients there followed, 
8 
8 
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on the average for 45 instances, about the normal shrinkage in 
milk yield. The rate of increase in live weight was noticeably 
reduced. 


A REDUCTION OF THE PROTEIN WHEN ABOVE 2.25 AND LESS THAN 
2.05 DBS. 


The only records available which show this reduction of pro- 
tein show a corresponding reduction of the total nutrients; 54 
records give, following this change in the ration, an average 
reduction in the milk flow about three times as great as should 
occur at the same stage of lactation... There was some loss 1n 
live weight but much less before the change of ration than after- 


ward. 


TABLE XXXVII.—A REDUCTION OF THE PROTEIN WHEN 
BETWEEN 2.25 AND 2.5 LBs. 





AVERAGE PER 
Day PER Cow. 


Per 1000 Las, LIVE WEIGHT. 























Total 
Digest- 
digest- Nutri- 3 
ther | es. | ait, | weve | AGRE | ah 
ganic ie “1 ratio. y : aoa 
matter. ¥ 
& Lbs. Lbs. Cal. Lbs. Lbs. 
a Before | 17.3 2.38 |84,455] 1:6.7 | 24.2 .99 
a] 
oq = 
Ss) After 14.9 2.05 29,961 Peis foeeen aod 
(0) 
ha 
= | 
Average of 54 rec-| 4 Approxt. | Dry Dry can 
ords from cows > mate cost | matter | matter in ; ) 
SS aae i BH Fat in of food in food | food for Spaea ts =. 
averaging as eo oO milk, for one for one one lb. Pepe Ae 
yrs. old and 5.4}  ™Y Ib. of ibook |) omiHK |e oe ng 
months in milk. Qo NE eee aoe ae solids. 
3 
~~ ro ———X~— |——————_ | ——— | ——_—_— 
= 
3 oe Per ct. Cts. Lbs. Lbs. Lbs. 
“oe Before 4.1 -63 1.0 7.5 5.0 
fH 
ras} 
° 
fj After 4.2 | -72 9 | 6.7 | 4.6 


A REDUCTION OF THE PROTEIN WHEN ABOVE 2 LBS., UNDER 2.25 LBS. 


The 65 records which cover periods when this change in the 
ration was made show an average decrease in milk flow consider- 
ably greater than it should normally be. There was a very good 

_increase in live weight. 
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With but little change in total nutrients —The amount of total 
nutrients was but little changed in 43 instances. The milk flow 
diminished at a little more than the usual rate. The average 
increase in live weight was considerably greater after the 
change. 

With some reduction of nutrients—The average for 22 instances, - 
when considerable reduction in amount of nutrients occurred, 
shows a falling off in milk twice as great as is usual. The gain 
in live weight was much less after the change of ration. 


A REDUCTION OF THH PROTEIN WHEN LESS THAN 2 LBS., MORB THAN 
1.6 LBS. 


The average data from 55 records when such a reduction 
occurred are found in Table XXXIX. The average shrinkage 
in milk was at about twice the normal rate. There was but 
little change in live weight. 

With but little change in amount of nutrients—After this change 
in the ration, when the amount of nutrients was but little 
affected, there was, on the average in 26 instances, a reduction 
of milk yield considerably greater than should normally occur. 
The data are in A of Table XXXIX. 

With some increase in amount of nutrients—Only 11 records 
cover periods when with such a reduction of protein the nutri- 
ents were increased. In these cases the amount of total nutri- 
ents was small, and there was a continual loss of live weight. 
The milk flow diminished but little faster than usual. There 
was some increase in the cost of production. 

With some reduction in amount of nutrients —There are only 
18 of the records which show this change of ration. In these 
the shrinkage in milk flow was at about three times the normal 
CALe, 

REMARKS, 


In general changes in the amount of protein within the ordin- 
ary limits produced less effect than changes in the amount of 
total nutrients. The average results which followed the differ- 
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ent modifications of the ration as related to the protein content 
are briefly summarized on p. 64 at the beginning of this 
bulletin. 

THE NUTRITIVE RATIO. 


The effects of changes in the nutritive ratio, as a rule, of 
course were directly in line with those evidenced by the group- 
ings of the rations on the basis of protein content as related to 
differing amounts of total organic nutrients. The unusual 
amount of fat in a few foods caused considerable difference in 
some of these relations of ratio to the actual amount of protein 
in the ration. 

It is unnecessary to give all the data from the averages made 
to show the general effect of changes in nutritive ratio. In con- 
sidering the records on this basis they were grouped with rela- 
tion to the ratio of 1:6, although the majority of the rations had 
a wider ratio, principally because the standards in general call 
for a ration with this nutritive ratio or one narrower. 

Moderate changes in the nutritive ratio within the ordinary 
limits had considerable less effect on the milk flow than did 
changes in the amount of total digestible organic matter. The 
general results accompanying different modifications of the 
ration which affected the nutritive ratio are stated on p. 65 of 
the general summary. 
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I. An epidemic of currant anthracnose. 
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AN EPIDEMIC OF CURRANT ANTHRACNOSE.* 
KF. C. STEWART AND H. J. EUSTACE, 


SUMMARY. 


During the past season the currant crop in the Hudson Valley 
has been seriously injured by anthracnose, a fungous disease 
causing the appearance of numerous small, dark brown spots 
on the leaves, which turn yellow and fall prematurely. Currant 
canes were quite generally defoliated early in the season and the 
exposure of the ripening fruit to the sun brought about sun- 
scald, resulting in a loss of nearly one-half the crop in some 
plantations. 

The disease attacks the leaves, petioles, fruit, fruit stems and 
canes. In New York State it is present among currants almost 
every season, but there is no record of its destructive occurrence 
since 1889. Although it attacks also gooseberries and black 
currants it has not injured them in the same locality where red 
currants have been seriously damaged by it. It is readily dis- 
tinguished from the ordinary leaf spot by the size of the spots, 
which are much smaller. 

The weather conditions last spring seem to have been partic- 
ularly favorable to it; but judging from the past history of the 
disease it is not likely to become a constant pest. Fruit 
growers need not be alarmed. Probably, it will become epi- 
demic only occasionally. 

Although there are scarcely any experimental data at hand, 
it is likely that anthracnose may be prevented by spraying 
with Bordeaux mixture; and since currant worms make neces- 
sary at least one application of Bordeaux, and leaf spot (a 





* A reprint of Bulletin No. 199, 
123 
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disease known to be preventable by spraying) is always more or 
less prevalent, and it seems likely that the destructive disease 
known as cane blight may be checked, it is recommended that 
currants in the Hudson Valley be sprayed regularly every sea- 


son. | 
INTRODUCTION. 


The region between Highland and Newburgh in the Hudson 
River Valley is the principal fruit-growing section of Eastern 
New York. Grapes, peaches, raspberries and currants are grown 
extensively. Currants are grown more extensively here than in 
any other part of the State. They constitute one of the leading 
fruit crops in this famous fruit-growing section. 

While visiting this locality June 18 and 14, 1901, we observed 
that the currant foliage was quite generally affected with a form 
of leaf blight or anthracnose caused by the fungus Glwosporiwm 
ribis. The lower leaves were yellow and thickly covered with 
very small brown spots. Almost all the currant plantations 
were more or less affected and the presence of the disease could 
be detected at a considerable distance by the yellow color of the 
foliage. In some cases the leaves were already dropping quite 
freely. Fruit growers were alarmed. They were not accus- 
tomed to see the currant foliage behave in this way. 

Since there seemed liable to be an epidemic of this somewhat 
unusual disease we planned to watch its progress. During the 
remainder of the season we made frequent visits to the locality 
and kept close watch on the disease, particularly in a badly 
affected plantation on the farm of Mr. J. A. Hepworth near Mil- 
ton. This plantation consisted of about five acres in a peach 
orchard on high, well-drained, slaty soil. 


SYMPTOMS. 


The disease works from below, upward. The lower leaves 
become thickly covered with small dark-brown spots, turn yellow 
and fall. The disease appears in June and continues active 
throughout the season or until the bushes have been completely 
defoliated. In the present case it must have appeared rather 
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suddenly and become epidemic about June 8. When we made 
our first observations, June 13, it was already so abundant that 
fruit growers were cognizant of it. Ten days earlier we had 
spent two days visiting fruit plantations in this same locality 
and at that time we neither saw nor heard of any trouble with 
currants except cane blight which is always destructive there. 
Although we were seeking the diseases of raspberries rather 
than those of currants, it is likely that the currant anthracnose 
would have come to our attention had it been at all abundant 
at that time. In a letter dated June 10, Mr. A. B. Clarke, of 
Milton, states that it was very abundant in his plantation at 
that date. 

During June the affected plantations were readily recognized, 
even at a considerable distance, by the yellow color of the folli- 
age; but in July this was much less noticeable. By July 10 the 
few leaves still remaining on the bushes were scarcely at all yel- 
low although thickly covered with anthracnose spots. By June 
26 the fruit was beginning to ripen and thereafter the affected 
plantations were to be recognized by their conspicuous red 
color. The falling of the leaves left the load of ripening fruit 
exposed to view. 

In addition to the leaves, the fungus attacked the leaf stalks 
or petioles, causing conspicuous black, slightly sunken spots. 
It also attacked the fruit stems, the berries and the new canes. 
The spots on the fruit stems were black and resembled those on 
the petioles. They-were from one-fourth to one-half inch in 
length and extended half way or more around the stem. On the 
berries the spots were black and circular and bore some resem- 
blance to fly specks. While the berries were green the spots on 
them were fairly numerous and readily seen; but as the berries 
ripened the spots became less conspicuous. This may have been 
due to the fact that the small berries toward the tip of the 
cluster were the ones most severely attacked and as a result 
many of them dropped before ripening. The affected berries 
did not rot; and the presence of the spots on the fruit stems 


1See Bul. 167 of this Station, p. 292. 


126 Report oF THE DervarrMent oF BoraNy OF THE 


seemed to affect the berries but slightly. Very rarely did the 
berries wither from this cause. Peck’s? statement -that the 
fungus does not attack the berries is certainly an error. 

Thinking it possible that the fungus attacks also the wood, 
we made a close éxamination of the canes in the badly affected 
Hepworth plantation and were immediately rewarded by the 
discovery of yellowish pustules which upon microscopic examina- 
tion proved to be the acervuli or spore conceptacles of 
Gleosporium ribis. This was on July 10. Most of the acervuli 
seemed immature, but some of them contained spores identical 
with those found on the leaves, thus leaving no doubt that 
Glaosporium ribis occurs on currant canes. At our next visit, 
July 25, it was found that the acervuli were mostly mature and 
contained an abundance of typical G. ribis spores. <A quality of 
the affected canes was collected and preserved. They will prob- 
ably be distributed in Seymour and Earle’s Economic Fungi. So 
far as observed, the acervuli occur only on wood of the present 
season’s growth. The color of the acervuli is pale yellow or 
light brown and differs but little from that of the cane. Conse- 
quently, they are inconspicuous. However, when they are num- 
erous, one acquainted with them may locate them with the 
unaided eye. The fungus seems to do very little harm to the 
cane, producing but a trifling discoloration of the bark and none 
at all of the wood. 

We believe this to be the first account of the discovery of 
Gleosporium ribis on currant canes. Considering the inconspicu- 
ousness of the acervuli, it is not strange that they have been 
overlooked. It is also possible that under ordinary circum- 
stances the fungus does not attack the canes. Whenever a 
plant disease becomes epidemic it is likely to behave somewhat 
differently from its usual manner. However, be this as it may, 
the discovery is an important one because it shows where the 
fungus probably passes the winter and that the canes are to be 
considered a source of infection in the spring. 


*Peck, C. H. Rep. N. Y. State Mus. Nats Hist., 43:52, 
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HOW DISTINGUISHED FROM OTHER CURRANT LEAF 
DISEASES. 


Among fruit growers the currant disease under consideration 
is usually known as leaf blight or sometimes as leaf spot. Since 
there are at least two other common currant leaf diseases which 
go by the same name much confusion would be avoided if fruit 
growers would follow the custom of mycologists and call this 
disease anthracnose. Mycologists apply the name anthracnose 
to diseases caused by species of fungi belonging to Gla@osporiumn, 
Colletotrichum and a few other closely related genera. 

The currant disease which is properly called leaf spot is the 
one caused by the fungus Septoria ribis Desm. This produces 
on the leaves dead, brown (or gray) spots which are usually 
circular in outline and have a dimeter of about one-eighth inch 
(See Plate I, Fig. 3). Asarule, leaf spot is readily distinguished 
from anthracnose by the size of the spots, anthracnose spots 





being much smaller—often no larger than a pin head. However, 
the spots formed by Septoria ribis on both red and black cur- 
rants, may sometimes be angular and quite small, although 
always larger than those of Glwosporium ribis. A notable exam- 
ple of this came under our observation at Milton where a large 
plantation of black currants, Ribes nigrum, was quite severely 
attacked by leaf spot as early as July 10. Since, at this date, 
Septoria ribis had shown itself only in traces on red currants in 
this locality, and the character of the spots was so much out of 
the ordinary, we were much surprised to find that the trouble 
was due to Septoria ribis. The spots were quite angular and 
scarcely more than one-third their usual size. The variety of 
currant is one said to have originated near Milton where it is 
known as the Mackey. 

The Septoria leaf spot is very common in New York and is 
usually the chief cause of the dropping of currant leaves in this 
State; but during the past season it was almost wholly absent 
from the locality where anthracnose was epidemic until about 


128 Repost of roe DerarrMent oF BoTaANy OF THE 


EXPLANATION OF PLATE I. 


Fia. 1. A leaf of red currant affected with anthracnose, Gloeos- 
porium ribis. Natural size. 

Fic. 2. Spores of Gloeosporium ribis. Magnification 825 diame- 
ters. 

Fie. 3. A leaf of red currant affected with leaf spot, Septoria 
ribis. Natural size. 

Iria. 4. A leaf of red currant showing the work of the four-lined 
leaf-bug, Poecilocapsus lineatus. Natural size. 





PLATE I.—CoMMON LEAF DISEASES OF THE CURRANT. 
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July 23, when it appeared in abundance and destroyed the few 
leaves left by anthracnose. 

Another form of so-called leaf spot which occurs on currant 
leaves in the Hudson Valley, sometimes in considerable abun- 
dance is that caused by the four-lined leaf-bug, Pacilocapsus 
lineatus.? The spots caused by this insect are angular and trans- 
lucent or else black with a water-logged appearance. (See Plate 
I, Fig. 4). They are wholly different in appearance from 
anthracnose spots and, moreover, they occur on leaves at the 
tips of the canes; whereas, anthracnose appears first on the 
lower leaves and may attack leaves on any part of the plant. 

A third leaf disease of currants is one which may be called 
leaf blight. It is caused by the fungus Cercospora angulata 
Wint. According to Pammel! this fungus is common on cur- 
rants in Iowa. 

In New York State it seems to be rare. In 1897 we received 
specimens of it from Highland, and in 1900 specimens were sent 
us from Long Island. During the past season we have sought 
for it in the Hudson Valley, but have not found even a trace of 
it. The spots formed by it are considerably larger than anthrac- 
nose spots. 

Occasionally we have met with a form of leaf spot caused by 
a species of Phyllosticta. The spots are larger even than those 
of Septoria ribis so there need be no danger of confusing them 


with anthracnose spots. 
THE FUNGUS. 
Gleosporium ribis (Lib.) Mont. & Desm. 


The fungus which is the cause of currant anthracnose was 
named Glaosporium ribis by Montagne and Desmazieres® in 1867. 
For some time previous it had been known as Leptothyrium ribis, 
which name is, therefore, a synonym. Cryptosporium ribis Fekl. 
is also a Synonym. 

As already stated, it attacks the leaves, petioles, fruit stems, 

3 See Bul. 167 of this Station, p. 291; also Cornell Agr. Exp. Sta. Bul. 58. 


*Pammel, L. H. Iowa Exp. Sta. Bul. 13.67. 
*Montagne & Desmazieres. Kickx’ Flore crypt. Flandres 2:95, 
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fruit and canes. The spores are formed in pustules, technically 
known as acervuli, which originate underneath the epidermis of 
the leaf, chiefly on the upper surface. The epidermis beeomes 
blackened and elevated so as to form a small pimple. At matur- 
ity this pimple is ruptured at the summit and the spores escape 
in a gelatinous mass which appears as a whitish or flesh colored 
speck at the center of the spot. The spores, which are one-celled 
and uncolored, are somewhat variable as to size and shape. 
Usually they are strongly curved and somewhat larger at one 
end. (See Plate I, Fig. 2.) As we have found them, the spores 
measure 12 to 24y in length by 5 to 9» in width, the most com- 
mon size being 19 by 7+. 

In our experience there has never been any difficulty to find 
the spores in abundance on the affected leaves. They are also 
fairly abundant on the new canes and on the petioles. On the 
canes they are much more easily found while the canes are fresh. 
Upon drying, the contrast of color distinguishing the acervuli 
largely disappears. From dried specimens of the canes the 
spores are most easily obtained by scraping the bark after a 
brief immersion in water. On the fruit stems and berries the 
spores are found less frequently. 

So far as known, Glwosporiwm ribis has but the one spore form 
above described. However, it is quite possible that there exists, 
also, an ascigerous form in which the fungus passes the winter. 
Fuckel® has suggested such a relationship with Spheria circinata 
Fekl. [—=Gnomoniella circinata (Fckl.) Sacce.] 

By means of artificial cultures Miss Stoneman’ has shown that 
two other species of Gleosporium, G. cingulatum Atk. and G. 
viperatum KK. & E., have in their life cycle ascigerous forms 
referable to a pyrenomycetous genus for which she proposes 
the name Gnomoniopsis. | 

Excellent figures of Glwosporium ribis are found in Briosi & 
Cavara’s Funghi parassiti delle piante coltivate od utili, Fasc. IX, 


Nr. 222. 


*Fuckel, L. Symbole Mycologies, p. 111. 


‘Stoneman, Bertha. A Comparative Study of the Development of some 
Anthracnoses. Botanical Gazette, 26:101-106. 
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Other species of Gleosporium attacking members of the genus 
Ribes, the genus to which the cultivated currants and gooseber- 
ries belong, are G. curvatum Oud. on leaves of R. nigrum, the 
black currant; G. tuwbercularioides Sacc. on leaves of R. aureum, 
the Missouri currant; and G. ribicolum E. & E. on fruit of the 
English gooseberry. 


AMOUNT OF DAMAGE DONE. 


Although the fungus Gleosporium ribis is widely distributed 
over Europe, Asia, Australia and North America, and has long 
been known to mycologists, it seems to have attracted very little 
attention as a fungus of economic importance. While it is fre- 
quently mentioned in works on fungi, it is not often spoken of 
as doing any serious damage to currants. 

The first mention of its occurrence in this country seems to 
have been that made by Berkeley,’ in 1873, who reported it on 
leaves of black currant collected in Connecticut. In 1884 Peck? 
found it on the leaves of the fetid currant, Ribes prostratum, in 
the Adirondacks. According to Dudley” and also Peck" there 
was a serious outbreak of the disease in New York State in the 
season of 1889. Prof. Dudley, at that time Cryptogamic Botanist 
of the Cornell Experiment Station, made the disease the subject 
of a two-page article which was published as a part of Bulletin 15 
of that Station and also inthe Annual Report of the same Station 
for 1889. Although so brief that Prof. Dudley himself called it 
a note, the article is, even to the present time, the most compre- 
hensive published account of currant anthracnose as it occurs in 
America. He reports the disease abundant on white currants at 
Ithaca and destructive to red currantsin thevicinity of Rochester. 
Peck’ says: “A currant-leaf fungus, Gleosporium ribis, has also 


SBerkeley, M. J. Grevillea, 2:83. 

®*"Peck, C. H. Rep. N. Y. State Mus. Nat. Hist., 38:98. 

Dudley, W. R. Cornell Agr. Exp. Sta. Bul. 15:196-198; same in Second 
Ann. Rep. Cornell Agr. Exp. Sta., 1889, pp. 196-198. 

“Peck, C. H. Rep. N. Y. State Mus. Nat. Hist., 43:52. 

“*Dudley. Loe. cit. 

*Peck. Loc. cit. 
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been excessively virulent. In some localities currant leaves have 
been so severely attacked by it that their vigor was destroyed 
and they fell to the ground long before the usual time. In my 
own garden the currant bushes were as destitute of foliage in 
August as they usually are in November.” 

Since 1889 it has been mentioned by Pammel® as occurring on 
red currants in Jowa and Halsted’ has reported its occurrence 
on cultivated gooseberries in New Jersey; but we find nothing in 
the literature to indicate that ithasbeen at all destructive during 
the past eleven years. However, from our own observations we 
are inclined to believe that in New York, particularly in the Hud- 
son Valley, it occurs to some extent nearly every season and 
that, in some instances, it has been destructive. June 12, 1897, 
Mr. H. R. Leeder of New Paltz reported to the station that his 
currants were dropping their leaves badly. The specimen leaves 
accompanying his letter showed an abundance of Gleosporium 
ribis which was probably the cause of the leaves dropping. It is 
noteworthy that this outbreak, like the one of the present season, 
occurred before the middle of June. On July 7 of the same year 
Mr. F. A. Sirrine observed that in the vicinity of Highland cur- 
rants were dropping their leaves badly. Specimens of the fallen 
leaves were examined by one of the writers of this article and 
found to be infested with Cercospora angulata and Gleosporium 
ribis. June 28, 1900, we observed a plantation of red currants on 
Long Island which was severely attacked by Gleosporium ribis. 
Septoria ribis was also present in small amount. In this planta- 
tion the Glwosporium had attacked the fruit stems to so great an 
extent as to attract the attention of the foreman in charge. 
Nevertheless, we saw no evidence of damage from this cause. 
None of the berries were dropping or shriveling. Dr. B. M. 
Duggar informs us that Glwosporium ribis was abundant on cur- 


4Pammel, L. H. Journal of Mycology, 7:101. In a letter dated Novem- 
ber 5, 1901, Prof. Pammel writes us that he has not observed the disease 
in Iowa since 1891. 

“Halsted, B. D. N. J. Agr. Coll. Exp. Sta. Report for 1895, p. 331. 
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rants in the Hudson valley in the autumn of 1900. In a planta- 
tion at Rochester we found a few currant bushes quite severely 
attacked by G. ribis, August 30, 1900; but this was the only case 
of the disease observed in western New York last year. The 
season was an excessively dry one. 

During the past season currant anthracnose became epidemic 
in the Hudson valley about June & By June 13 many leaves 
were falling and it was already evident that the crop would be 
considerably injured. In some plantations one-half the foliage 
was gone by June 26 and by July 10 the bushes were completely 
defoliated except for small tufts of leaves at the tips of some of 
the canes. The fruit commenced to ripen about June 26 and by 
July 10 the harvest was in progress. About July 1 there was a 
week of excessive heat with a clear sky. As a result, currants 
throughout the Hudson Valley suffered severely from sunscald. 
Most of the leaves having fallen, the fruit was left exposed to the 
direct rays of the sun.. However, it is likely that the injury 
was not all due to exposure to the sun. Some of it was prob- 
ably due to the inability of the defoliated canes to supply the ber- 
ries with water notwithstanding the fact that the soil was filled 
with water owing to frequent showers. The loss from sunscald 
and shriveling of the berries was enormous. Mr. Hepworth has 
18 acres of currants from which he sold, in 1900, 50,000 quarts of 
fruit. In 1901 the same plantation yielded only 26,000 quarts. 
This loss of nearly one-half the crop Mr. Hepworth attributes to 
the effect of anthracnose and the accompanying sunscald. In the 
five-acre plantation mentioned in the introduction to this bulletin 
the loss was estimated to be about two-thirds of the crop. The. 
fruit set as well in 1901 as in 1900 and there was no other disease 
besides anthracnose except cane blight, which was no more 
destructive in 1901 than in 1900. Therefore, had it not been for 
the anthracnose the crop of 1901 would probably have been as 
large as that of 1900. Moreover, the loss on the present season’s 
fruit crop is not all. The dropping of the leaves so early in the 
Season must seriously interfere with the proper ripening of the 
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wood and the formation of fruit buds for next year. How great | 
will be the damage from this cause can not be determined until 
next season. As already stated, some plantations were almost 
completely defoliated by July 10. By July 22 many plantations 
were completely defoliated and many more had lost from one- 
half to two-thirds of their foliage. As arough estimate we would 
say that in the region between Highland and Newburgh probably 
two-thirds of all currant leaves (excepting black currants) had 
fallen by July 22. About this time Septoria ribis also appeared 
and assisted in completing the destruction. At what time the 
defoliation was completed we are unable to say, since we did 
not visit the region between July 22 and September 2. On the 
latter date very few green currant leaves were to be found; and 
yet, normally, currants hold their leaves until. heavy frost. On 
the station grounds, at Geneva, sprayed currants of many differ- 
ent varieties were in nearly full foliage as late as October 15. 

The disease was more destructive in old plantations than 
among young plants. Plants in the nursery row were attacked 
latest of all and consequently suffered least. It was a common 
observation among fruit growers that the disease was more 
severe on high, dry soil than in lower situations where the soil 
was heavier and naturally moister. Our own observations con- 
firmed this. The disease was also somewhat less severe on plants 
which were partially shaded. It is a common practice in the 
Hudson Valley to plant currants between the rows im peach 
orchards. Hence, it comes about that many bushes are in par- 
tial shade. The’ shaded plants were not attacked so early as 
were those fully exposed to the sun. 

Concerning the amount of damage done by currant anthrac- 
nose elsewhere than in the Hudson Valley, we have little infor- 
mation. At Geneva, some plantations lost a large part of their 
foliage because of anthracnose, and it was present in greater or 
less amount in almost all plantations; but the damage done by 
it does not appear to have been great. Prof. Craig informs us 
that the disease was common at Ithaca. 


/ 
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HOST PLANTS. 


While Glwosporium ribis may attack several different species 
of Ribes, it has a decided preference for R. rubrum to which 
belong the red and white varieties of cultivated currants. It 
has been frequently reported on R. nigrum, the black currant, 
but according to our observations it is not at all destructive to 
black currants, to say the least. While watching the progress 
of the disease in the Hudson Valley we examined several plan- 
tations of black currants, but in no case found any damage done 
to them by anthracnose. In one case a row of black currants 
stood between two rows of red ones. The red currants were all 
severely attacked by anthracnose, but the foliage of the black 
currants was perfect and apparently free from the disease. 

The cultivated gooseberry, Ribes grossularie, is also said to be 
subjeet to anthracnose. In the region where anthracnose was 
epidemic on currants there are several commercial plantations 
of gooseberries none of which were affected by the disease to 
any extent. ; 

It also appears that among the red currants some varieties are 
somewhat more susceptible than others. Our observations on 
this point are not as full as they should be and so we are unable 
to give a list of resistant varieties; but it is probable that this 
difference in susceptibility is sufficiently great to be turned to 
practical account in case anthracnose should become an im- 
portant factor in currant culture. 

On July 23, when the disease was in full sway, we made some 
observations at Middle Hope where four varieties of red currant, 
Fay Prolific, Victoria, Prince Albert and Pres. Wilder, were 
growing in the same plantation under practically the same con- 
ditions. On Fay Prolific, anthracnose had caused about two- 
thirds of the foliage to drop and Victoria had lost about one- 
third of its foliage; while Prince Albert and Pres. Wilder were 
perfect in foliage and practically free from the disease. Goose- 
berries growing nearby were also unaffected. 
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THE OUTLOOK FOR THE FUTURE. 


The question has been asked, Will anthracnose be destructive 
next season? Also, Is it likely to appear regularly every season 
hereafter and become a menace to the currant industry? It is 
our opinion that currant growers need not be alarmed. Anthrac- 
nose is by no means a new disease of currants. It has existed 
in the currant plantations of New York for at least twelve years 
and probably longer. In 1889 it was destructive; but since that 
time there is no published record of any damage done by it in 
this State. Judging from the past history of the disease it 
seems unlikely that it will become troublesome except in an 
occasional season when all conditions are favorable to it1® How- 
ever, we are not unmindful of the fact that diseases which spring 
suddenly into prominence as the currant anthracnose has done 
during the past season sometimes continue to be very destruc- 
tive. Striking examples of this are afforded by the cucumber 
downy mildew, Plasmopara cubensis, and the asparagus rust, 
Puccinia asparagi. The former first appeared in this country in 
i889 and has since become so destructive in the Eastern United 
States that the growing of late cucumbers must have been aban- 
doned had it not been discovered that the disease can be con- 
trolled by spraying.” The first epidemic of asparagus rust 
cecurred in 1896 in New Jersey, Long Island and Southern New 
England.’ Prior to 1896 it was practically unknown in America; 
but each season since 1896 it has been destructive and seems to 
be established as a permanent scourge of asparagus. 


“Exactly what weather conditions are most favorable to the disease is 
not known. The two epidemics of recent years in this State have both 
occurred in wet seasons (1889 and 1901) and naturally we infer that wet 
weather is favorable to the disease. However, Dr. Weiss states (Weiss, 
J. E. Die Blattfallkrankheit der Johannisbeerstraticher. Praktische Blitter 
ftir Pflanzenschutz, 3:3), that in southern Bavaria the disease was epidemic 
in the dry seasons of 1898 and 1899, but scarcely any damage was done 
in the wet season of 1897. 

“Hor the history of Plasmopara cubensis see Bul. 119 of this Station, 
p. 164. 

“ Haisted, B.D. N. dg. Exp. Sta: Bul. 129: 
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Concerning the outlook for currants in 1902, it is safe to pre- 
dict that the crop in the Hudson Valley will be somewhat short- 
ened, owing to the premature falling of the leaves last summer; 
but the virulence of anthracnose will probably depend very 
largely upon the nature of the weather next spring The preva- 
lence of the disease in 1901 is certainly favorable to another 
epidemic in 1902, provided the weather conditions are favorable. 
The new wood and fallen leaves are everywhere covered with 
multitudes of the spores ready to start infection again next 
spring if they have a chance. In the Hudson Valley, the spring 
of 1901 was a very wet one as was also the spring of 1889 when 
the other epidemic occurred; so it appears that the disease is 
favored by wet weather. 


TREATMENT. 


If it becomes necessary to fight currant anthracnose resort 
must be had to spraying, which seems to be the only promising 
line of treatment, except, perhaps, the planting of resistant 
varieties. Spraying with the copper compounds, particularly 
Bordeaux mixture, is effective against many fungous diseases 
of foliage and there is little doubt that currant anthracnose may 
be controlled in this way. However, there is but little experi- 
mental data bearing on this point. Prof. Pammel® at the lowa 
Experiment Station, has conducted more experiments on the 
Spraying of currants than any one else in this country and shown 
that Septoria ribis and Cercospora angulata may be controlled by 
spraying with Bordeaux mixture; but Glrosporium ribis was not 
a factor in any of his experiments. Dr. Halsted?? made the fol- 
lowing experiment: “In a row of eight gooseberry bushes, two 
were selected for treatment. Beginning April 25, three appli- 
cations of Bordeaux were made previous to May 22. The bushes 
were again sprayed August 13. The foliage was somewhat 
injured by an anthracnose (Glwosporium ribis Lib.), but there was 


“Pammel, L. H. Iowa Agr. Exp. Sta. Bul. 18:45-46; Bul. 17:419-421; 
Sul. 20:716-718; Bul. 24:987-988; Bul. 30:289-291. 
*Halsted, B. D. N. J. Agr. Coll. Exp. Sta. Rep. for 1895, p. 331. 
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no practical difference between the sprayed and unsprayed 
plants.” As far as they go, the results of this experiment are 
unfavorable to the control of currant anthracnose by spraying. : 

Currant growers in the Hudson Valley fully realize the impor- 
tance of protecting their plants against the ravages of currant 
worms?! which strip the bushes of their leaves in a surprisingly 
short time. Of late years they have abandoned the use of helle- 
bore, the standard remedy for currant worms, and substituted 
for it Bordeaux mixture containing Paris green, green arsenoid 
or some other arsenical poison. Promptly upon the first appear- 
ance of the 'worms the bushes are given a thorough spraying 
with the poisoned Bordeaux mixture. If the work is well done, 
and rains not too frequent, a single application suffices for the 
season. Whereas, if hellebore is used it is usually necessary to 
make two or more applications, because there are generally two 
and sometimes three broods of worms during the season and the 


~T wo distinct species of currant worms occur in the Hudson Valley, 
which not only differ in appearance but also in habits. The one generally 
known as the currant span-worm, called gooseberry span-worm in some 
sections (Diastictis ribearia), is single brooded; while the imported currant- 
worm or currant saw-fly (Vematus ventricosus), has two broods each year. 
The larva of the first is a caterpillar. They appear early, sometimes 
before the currant leaves are even fairly expanded. They grow rapidly 
and feed voraciously. By the last of May or first of June they are full 
grown and stop feeding. At this time they are about one inch long, of 
a bright yellow color, marked with white lines on the sides together with 
numerous black spots and dots. They can also be distinguished from the 
imported currant-worm by their habit of looping the body when they 
travel. These worms leave the bushes about the first of June and go into 
the ground where they change to the chrysalis form. Early in July they 
issue as adult moths or millers and can be seen flying over the fields 
during July and part of August. In color the adult moth is pale yellow 
with dusky spots or bands on the wings. Seen at a distance it could 
easily be mistaken for the butterfly of the cabbage-worm flying over the 
currant fields. The eggs are deposited on the branches of the currants 
and do not hatch until the following spring. 

The imported currant-worm is the slug-like caterpillar of a saw-fly. 
The fiies appear about the time the span-worm hatches from the egg. 
They pair first, then lay their eggs upon the underside of the currant 
leaves, usually along the larger veins. The eggs hatch a week or ten 
days after being deposited. Owing to the time required for laying and 
hatching the eggs, the worms do not appear until one or two weeks after 
the span-worm has commenced feeding. The larvee of the saw-fly reach 
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hellebore applied for the first brood is washed off by rain before 
the appearance of the second brood. Bordeaux mixture, on the 
contrary, is not readily removed by rain and enough of it still 
remains on the leaves to kill the second brood of worms. Besides 
requiring but a single application, the Bordeaux mixture has an 
additional advantage in that it protects the foliage, to a consid- 
erable extent, against leaf spot. The superiority of Bordeaux 
mixture”? is so evident that the use of hellebore has been almost 
entirely abandoned, except in cases where the application has 
been postponed until the fruit is so large that there is danger of 
spotting it if Bordeaux is used. The application of the poisoned 
Bordeaux is made upon the first appearance of worms; but last 
spring the worms appeared somewhat later than usual and so 
the Bordeaux was applied later. In fact, many persons accus- 
tomed to spray for worms did not do so the past season because 
there were so few worms that it seemed unnecessary. 


maturity in June, at which time they are about three-quarters of an inch 
long. They go to the ground and spin cocoons around themselves in 
which they change to chrysalides. During July they change again to 
adult flies; as a result a second brood of worms occurs after the crop of 
fruit is gathered. This worm can be distinguished from the span-worm 
by its color, which is usually green covered with black dots, with the 
extremities sometimes tinged with yellow; also by the fact that it does 
not loop the body when it travels, but does frequently curl itself up side- 
wise when feeding. 

In most sections of the country the last described species is usually the 
most common currant pest. When hellebore is recommended, this is the 
worm that is supposed to be doing the damage. 

The currant growers of the Hudson Valley have two distinct species of 
worms to combat and these worms appear at three distinct periods. This 
would require not only frequent applications of hellebore but also large 
quantities of it. Such treatment is expensive. The use of hellebore has 
also proven worthless as a remedy for the span-worm, as shown by the 
fact that in 1897 the fields in the vicinity of Highland, even where helle- 
bore was applied frequently, were completely stripped by this pest. 
These conditions have done much to induce growers to use some arsenical 
compound in Bordeaux mixture.—F. A. SIRRINE. 

“It appears that poisoned Bordeaux mixture as a remedy for currant 
worms came into use in the Hudson Valley about 1898. It was recom- 
mended by Mr. I’. A. Sirrine in a short article published in the Hastern 
New York Horticulurist for October, 1897. Mr. J. A. Hepworth of Marl- 
borough and Messrs. W. D. Barns & Son of Middle Hope were among 

, the first to use it. 
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Some persons thought they saw evidence that the single appli- 
cation of Bordeaux for worms had lessened the amount of dam- 
age from anthracnose. In the plantation of Mr. A. B. Clarke at 
Milton, we observed that in one portion anthracnose was con- 
siderably more severe than in an adjacent portion. Upon inguiry 
as to the cause we were informed that one portion had ‘een 
sprayed once with Bordeaux mixture while the other had not, 
In this case there appeared to be a marked benefit from spray- 
ing; but in general the Bordeaux applied for worms did not have 
much effect on the anthracnose. Probably the application was 
made too late. 

In the absence of experimental data we can only make sugges- 
tions as to treatment. Bordeaux mixture will probably control 
the disease, but the spraying must be commenced early. In view 
of the fact that the anthracnose fungus inhabits the canes, the 
first application should be made on the bare canes before the 
leaves appear.” Special attention should be given to the new 
wood because there is where the spores are most abundant. In 
fact no spores have yet been found on the old wood. However, 
the old wood should also be sprayed, because it is possible that 
some spores do occur on it, and also because of the possible 
effect on cane blight. Howthe fungus of cane blight gets into the 
canes is not known, but there is good reason for believing that 
thorough spraying of the canes will have a tendency to prevent 


* Wor the first treatment a strong solution of copperas (iron sulphate) 
may be used instead of the Bordeaux. Make a saturated solution (that 
is, add copperas to water until no more will dissolve) and apply while 
the buds are swelling but before they break. By some, this treatment is 
thought to be beneficial for grape anthracnose (See N. Y. Agr. Exp. Sta. 
Bul. 86:79; and Bul. 170:410), particularly when about one per cent. of 
sulphuric acid is added to the copperas solution. But if the sulphurie — 
acid is added the mixture can not be applied with a spraying machine, 
because it is so very corrosive. In that case it must be applied with a 
swab or whisk broom. The fungus of grape anthracnose is closely 
related to that of currant anthracnose and there is some reason for 
believing that any treatment which is successful for the one would be 
successful for the other. Nevertheless we have recommended Bordeaux 
mixture for the first treatment for the following reasons: (1) Bordeaux 
is likely to be equally effective; (2) The treatment is less complicated; 
(5) There is no danger of injury to the plants or to the sprayer. 
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its attacks. The second spraying should be made while the 
leaves are unfolding, and thereafter the treatment should be 
repeated at intervals of ten to fourteen days until there is 
danger of permanently spotting the fruit. Upon the appearance 

of worms add Paris green or green arsenoid to the mixture. In 
wet seasons one or two applications should be made after the 
fruit is gathered. | 

Spraying in the early part of the season should be done with 
especial thoroughness and regularity in order, if possible, to 
keep the diseases completely under control until the time when 
the spraying must be discontinued on account of spotting the 
fruit. 

To restate the matter briefly: Spray thoroughly with Bor- 
deaux mixture, commencing before the leaves appear. Make 
the second treatment as the leaves are unfolding and thereafter 
at intervals of ten to fourteen days until the fruit is two-thirds 
grown. In wet seasons make one or two applications after the 
fruit is gathered. When worms appear add Paris green or green 
arsenoid to the Bordeaux. 

It seems to us probable that currant growers in the Hudson 
Valley will find spraying, as suggested above, a profitable prac- 
tice. Anthracnose may not be epidemic except occasionally, but 
it probably does some damage nearly every season. Leaf spot is 
nearly always plentiful in the latter part of the sesaon, and 
sometimes causes the leaves to fall before the fruit is ripe. Cane 
blight is always destructive, and one application must be made 
for the worms anyway. We believe that loss from all these 
troubles may be materially lessened by spraying. While the cur: 
rant bears premature defoliation remarkably well, preservation 
of the folage must result in increased vigor of the plants and, 
consequently, larger yields of fruit. 


NOTES FROM THE BOTANICAL DEPARTMENT.* 


KB. C. STEWART AND H. J. EUSTACE. 


SUMMARY. 


I. In a nursery cellar at Rochester 25,000 pear trees were 
seriously injured by thawing too suddenly. The sand covering 
the roots of the trees had become frozen, and in order to facili- 
tate the removal of the trees a fire was built in the cellar. A 
few days later it was found that the upper parts of all the trees 
had turned black. Although the trees were practically unin- 
jured for planting, it was impossible to dispose of them at 
wholesale, and they were almost a total loss to their owner, 

II. The shot-hole fungus so destructive to the foliage of cher- 
ries and plums has been discovered attacking the fruit-pedicels 
of cherries. This discovery is of considerable scientific interest, 
but it has little or no practical bearing on the control of the 
disease. 

lil. The fungus of antirrhinum anthracnose which was sup- 
posed to be confined exclusively to the antirrhinum has recently 
been found on a common weed called yellow toad-flax. Since 
this weed may communicate the disease to the antirrhinum, the 
treatment of the disease on the latter is a more complicated mat- 
ter than has been supposed. 

IV. It has been observed that imperfectly fertilized peaches 
may attain considerable size and remain hanging on the trees 
until September. In such cases this trouble may be mistaken 
for the “little peach” disease by persons unfamiliar with the 
latter. However, in the “little peach” disease the pit is of 
normal size and provided with a well-developed kernel; while in 


*A reprint of Bulletin No. 200. 
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cases of imperfect fertilization the pit is abnormally small and 
has no kernel, or at least only a partially developed one. This 
difference will enable anyone to distinguish readily between the 
two troubles. 

V. At Milton, N. Y., the tile drain to a vinegar cellar was 
clogged by a luxuriant growth of the fungus Leptomitus lacteus. 
The obstruction was easily and effectually removed by placing a 
small quantity of copper sulphate crystals in the upper end of 
the drain. 

Vi. Drain pipes to refrigerators frequently become clogged 
with a slimy, gray growth of fungus which has its origin in the 
ice, but is not an accumulation of matter from the ice. It may 
be easily controlled by occasionally washing out the drain pipe 
and ice chamber with boiling water. 


I. TROUBLE WITH PEARS IN A NURSERY CELLLAR. 


In March of the present year the Station received a letter from 
a Rochester nurseryman requesting that an expert be sent to his 
place to inquire into the cause of a serious trouble among the 
pear trees in his nursery cellar. One of the writers of this arti- 
cle was sent to investigate. It was found that 25,000 three-year 
old standard pear trees had been tied into bundles of ten to fif- 
teen trees each and placed in the nursery cellar in an upright 
_ position. The bundles of trees were set in rows and the roots 
covered with sand, after the usual custom in such cases. The 
bark on the trunks and branches of the trees was of normal color 
and apparently all right up to a height of about three and one- 
half feet, but above this point the bark was black, and many of 
the branches were evidently dead. This condition prevailed 
throughout the cellar in a strikingly uniform manner. All parts 
of the trees below three and one-half feet were healthy and all 
parts above that point blackened. This blackening of the 
branches was suggestive of the bacterial fire blight and the 
owner was fearful that it might be an outbreak of that disease. 

Observing that a fire had been built in the cellar, suspicion at 
once pointed in that direction, and after an inquiry into all the 


144 RKeporr or THE DeparrMENT OF BoTraNy OF TUS 


details of the case it became plain that the trouble was due to 
the trees having been thawed out too suddenly. 

The trees were of many different varieties, and yet all were 
equally affected. Had it been due to fire blight or any other 
parasitic diseases, some varieties would have been injured more 
than others and some individuals more than others. On the 
disease hypothesis it is also impossible to account for the uni- 
formity of height at which the trees were affected. When the 
trees were placed in the cellar in the autumn they were all right, 
and an examination of some trees in the same blocks which had 
remained over winter in the field showed that none of them had 
blackened branches. Also, some of the same lot of trees which 
had been stored in another cellar were free from the trouble. 

For many years it has been the practice,of the owner of the 
trees to keep the temperature of the cellar as nearly as possible 
at 32° F., and whenever the temperature tends to fall below 
32° an open wood fire is built on the floor of the cellar. In the 
present case, however, no fire was built during the winter. 
Hence, early in the winter the sand about the roots of the trees. 
froze to a depth of perhaps three inches and remained frozen 
until February. On February 25, 1200 of the trees were dug 
out of the frozen sand and packed for shipment. No complaint 
was received concerning the condition of these trees, so it may 
be assumed that they were not affected with the branch black- 
ening either before or after removal from the cellar. At this 
time all trees in the cellar appeared to be all right. 

So much difficulty was experienced in removing the trees 
from the frozen sand that it was decided to build a little fire | 
in the cellar and thaw the sand. The fire was built February 27 
in one corner of the cellar where the 1200 trees had been removed 
two days earlier. A few days later the trees were observed to be 
in the unhealthy condition above described. Our own observa- 
tions were made March 15. The fire had not been suspected as 
being the cause of the trouble because it had long been the cus- 
tom to build fires in cold weather. The man who built the fire 
admitted that it had been made a little larger than usual in order 


New YorK AGRICULTURAL EXPERIMENT STATION. 145 


to thaw: the sand as quickly as possible. However, it is unlikely 
that the fire was excessively hot, because, if it had been, some 
bundles of trees standing close to it would have been badly 
scorched, whereas only a few of the most exposed trees were 
slightly scorched on the exposed side of the trunk. Otherwise 
these trees were scarcely more injured than trees at the opposite 
end of the cellar. 

The heated air rose to the ceiling (which was about seven anu 
one-half feet above the floor and very tight), spread out over its 
entire surface and then accumulated in a layer of uniform thick- 
ness. This layer of warm air was warmest at the ceiling and 
became cooler the nearer it approached the floor. The tips of the 
branches, being nearer the ceiling, were enveloped in air warmer 
than that surrounding the basal portions of the branches and the 
trunks. They were also smaller. Consequently the upper parts 
of the trees thawed out more quickly than the trunks. Now, it is 
a well-known fact that frozen plants which may be thawcd with- 
out injury, if the thawing is done slowly, may be ruined if thawed 
suddenly. It appears that the pear trees were thawed too sud- 
denly, and that the line marking the boundary between the 
injured and uninjured portions marks the height above which 
thawing progressed too rapidly for safety. That the temperature 
of the air was a more important factor than the size of the 
branches is shown by the fact that one bundle of Bartletts, in 
which the trees were so short that they did not project above 
the danger line, was wholly uninjured. 

The majority of the trees were of such a height that their 
branches were blackened for a distance of six to eighteen inches. 
Only in a few instances did the injury extend quite to the trunk. 
With a few exceptions, the blackened branches might have been 
cut away without removing more of the tops than is customary 
in transplanting; and since it is unlikely that the branches were 
injured below the point of discoloration, the trees were practi- 
cally unhurt for planters’ use. Nevertheless, the trees, which 
were worth about $2000, were almost a total loss to their owner. 


‘Twelve thousand of them were sold for $100, to a man who cut 
10) 
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them back and planted them, losing less than two per cent, 
although they were not set until May 1. The owner states that 
had he been doing a retail business he could undoubtedly have 
disposed of a large proportion of the stock at a fair price, but 
it was impossible to sell it at wholesale. 


II. SHOT-HOLE FUNGUS ON CHERRY FRUIT PEDICELS. 


In New York State the shot-hole fungus, Cylindrosporiuwm padi 
Karst., does more or less damage every season. It is destruc- 
tive to both plums and cherries in the nursery and in the 
orchard. During the past season it was unusually destructive. 
Among cherries, the variety English Morello is especially sus- 
ceptible to the disease. Trees of this variety were dropping 
their leaves quite freely as early as June 26 and in some cases 
the trees were nearly defoliated by August 1. 

On June 26, while examining some seriously affected English 
Morello trees at Milton, it was observed that many of the fruit- 
pedicels bore brown spots of considerable size. Upon micro- 
scopic examination it was found that the spots were caused by 
the shot-hole fungus, Oylindrosporium padi. 

On July 11 the same thing was observed at Highland. In this 
case there was a long row of English Morello trees, all heavily 
loaded with fruit. So many leaves had fallen that the trees 
looked bare. The fruit-pedicels were so generally attacked by 
the fungus that it was somewhat difficult to find one which was 
entirely free from the brown spots. The spots were from one- 
eighth to one-fourth inch in length and extended one-third to 
one-half the distance around the pedicel. In many cases they 
completely encircled the pedicel. Often the spots coalesced, and 
then a large portion, or even all, of the pedicel was brown. 
Even with the unaided eye one could detect a white speck or, 
more often, a white rift, at the center of each spot. With the 
aid of a hand lens it could be plainly seen that the white specks 
were gelatinous spore masses. The affected pedicels almost 
invariably showed an abundance of the spores. The same was 
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true at Milton two weeks earlier and also at Geneva, on July 18. 
There was no difficulty whatever in finding the spores. 

The presence of the spots on the pedicels caused the fruit to 
ripen unevenly. Many of the fruits were dwarfed and some of 
those most severely attacked withered. However, these injuries 
cannot, with justice, be attributed wholly to the spots on the 
pedicels. The premature falling of the leaves, also, had some- 
thing to do with it. 

We believe this to be the first record of the occurrence of 
Cylindrosporium padi on the fruit-pedicels of cherry. We do not 
Say positively that such is the case, because we have not made 
an exhaustive examination of the literature; but it is at least 
safe to say that the fact is not generally known, because it is not 
mentioned in any of the many accounts examined by us. 

In connection with the appearance of Cylindrosporium on the 
fruit-pedicels we have observed a spotting of the green fruits 
which gave cherry growers in the vicinity of Geneva consider- 
able concern last spring. It was first brought to our attention 
by the Station Horticulturist, Mr. Beach, about June 15. The 
fruits, which were at that time about the size of peas, showed 
numerous small, brown, slightly sunken spots. As the fruits 
grew many of them became somewhat misshapen, seemingly asa 
consequence of the presence of the spots. The spots enlarged 
but little and there was no tendency to rot. 

In the vicinity of Geneva this trouble was exceedingly com- 
mon on English Morello and Montmorency Ordinaire, and fruit 
growers were fearful that the crop would be injured; but as the 
cherries began to swell and color in ripening the spots seemed 


to disappear, so there was little or no loss from it. 
The cause of this spotting is unknown to us. Because of its 


constant association with Cylindrosporium padi on English 
Morello at Geneva, Milton and Highland it was at first sus- 
pected that it might be due to that fungus. However, no evi- 
dence of the presence of any fungus could be found on the spots. 
Moreover, Montmorency Ordinaire, which was little affected by 
Cylindrosporium on the foliage, had nearly if not quite as much 
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of the fruit spot as had English Morello. These two facts, 
particularly the latter, are opposed to the theory that the spots 
were due to Cylindrosporiwm padi. 


Ill. ANTHRACNOSE OF YELLOW TOAD-FLAX, 


On June 26, 1901, while passing through a peach orchard 
infested with the common weed variously known as Yellow 
Toad-flax, Butter-and-Eggs, and Ramsted, it was observed that 
some of the plants were dying. Upon making an examination 
of the affected plants it was found that the trouble was due to 
an anthracnose which was attacking the plants near the surface 
of the ground. For a distance of two to four inches above the 
surface of the ground the stems were pitted with elliptical 
sunken spots almost identically like those produced by Colletotri- 
chum antirrhim on stems of the cultivated snapdragon, An- 
tirrhinum majus+ 

Since the Yellow Toad-flax, Linaria vulgaris Mill., belongs | 
to the same family, Scrophulariacew, as the cultivated snap- 
dragon, it is not strange that it should be attacked by the snap- 
dragon anthracnose. However, no case of the kind had ever 
been observed, although we had sought carefully for it. In fact, 
the disease was known only on the snapdragon, hence the fol- 
lowing statement in our Bulletin? 179: “So far as known at 
present, this anthracnose attacks no other plant besides the 
Antirrhinum. Therefore, the florist whose grounds are free 
from the disease will have no trouble so long as he propagates 
only from his own stock or from seed. In such a case the source 
of danger is in diseased cuttings and plants from other estab- 
lishments.” 

Upon the discovery of an anthracnose on the Yellow Toad- 
flax we immediately became interested to know if it was really 
the same as the snapdragon anthracnose. It is important to 
know this, because Yellow Toad-flax is a common weed of wide 


‘Ror an account of anthracnose on snapdragon, see Bul. 179 of this 
Station. . 

?Stewart, F. C. An anthracnose and a Stem Rot of the Cultivated 
Enapdragon. N. Y. Agr. Exp. Sta. Bul. 179:109. 
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distribution, and if it serves as a host plant for the fungus of 
snapdragon anthracnose the problem of controlling the latter 
disease is a more complicated matter than has been supposed. 

Accordingly we made a thorough examination of the disease 
and the fungus causing it. The majority of the spots were black 
with the acervuli of a Colletotrichwn. Sets and spores vere 
abundant. The leaves on the diseased portion of the stem were 
nearly all dead and brown. Close examination revealed the 
presence of anthracnose spots on the dead leaves and there were 
also a few spots on the living leaves, but the leaf spots were in- 
conspicuous and not abundant. In all morphological characters 
the fungus agrees fully with Colletotrichum antirrhini and there 
is little doubt but it is that fungus. However, positive proof 
depends on cross inoculations with pure cultures. These have 
not been made. 

It was found that many small plants had been killed outright 
by the disease, but that there were also many others which, 
although their stems were covered with the spots, were, never- 
theless, flowering and apparently thriving. While the disease 
evidently does some damage to the wood, it seems unlikely that 
it can be turned to any practical account as an aid in its eradica- 
tion. 

The original place of discovery was near Milton on a steep 
hillside in a rather dry situation where the plants were partially 
shaded by peach trees. Later it was found in similar situations 
on two other farms at Milton and also at Middle Hope. 


IV. IMPERFECT FERTILIZATION AND THE LITTLE 
PEACH DISEASE. 


During the past few years peach growers in Michigan and 
in Western New York have been much concerned over the ap- 
pearance of a new and destructive disease known as the “ little 
peach” disease. It appears to have been first described by Taft? 
in March, 1898. In October of the same year a more extensive 


8Taft, L. R. Mich. Agr. Exp. Sta. Bul. 155:303-304, 
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account was published by Smith.4 The latter article has been 
widely quoted in the horticultural journals. Thus far no remedy ~ 
for the disease has been found, and even the cause of it is still 
unknown. However, it is announced that Mr. M. B. Waite, an 
expert connected with the United States Department of Agri- 
culture, has the subject under investigation and it is confidently 
believed that we shall know considerably more about the disease 
in the near future. 

Since so much has been said about the disease and it is known 
to occur in various parts of New York State, particularly in 
Niagara County, our fruit growers are constantly on the look- 
out for it. . 

During the past season a fruit grower of Penn Yan suspected 
that the “little peach ” disease had made its appearance in his 
orchard. Upon investigation it proved to be simply a case of 
imperfect fertilization. Of course imperfect fertilization is com- 
mon among peaches, but this case had some unusual features 
making it worthy of record. Moreover, there are undoubtedly 
many fruit growers, like the one at Penn Yan, who have read of 
the “ little peach ” disease, but having never seen it are unable 
to distinguish it with certainty from the effects of imperfect fer- 
tilization. Hence, it seems desirable to give a detailed account 
of the Penn Yan case. 

The orchard was composed of 150 ten-year-old trees of the 
variety Globe. Occasional trees of several other varieties were 
intermingled. The owner stated that enough fruit had set to 
make a full crop. In fact, he expected to be obliged to thin it; 
but the great majority of the fruits failed to develop, although 
most of them remained hanging on the trees until ripening time. 
He estimated that the yield of marketable fruit was between 
one-eighth and one-sixth of a full crop, the money loss being 
about $500. Our observations were made September 25. At 
that time most of the marketable fruit had been gathered, but 
the majority of the small imperfect fruits were still on the 





*Smith, Erwin F. Notes on the Michigan Disease Known as “ Little 
Peach.” The Fennville (Mich.) Herald. Oct. 15, 1898. 
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trees. On the same tree and even on the same branch one could 
find fruits of all sizes from one-half inch in length up to normal 
fruits having a circumference of about eight inches. (Plates 
II-V). The majority of them were smaller than a normal peach 
pit. For the most part the little fruits were normal in color and 
free from rot. However, some of the smallest were somewhat 
shriveled. Nearly all of them below the size of a walnut could 
be cut, without much difficulty, directly through the pit, which 
was abnormally small and rather soft. Fruits of this size were 
usually without any kernel in the pit. Those which were one- 
half to two-thirds normal size often had pits with kernels which 
had partially developed and then decayed. Frequently the 
cavity was filled with gum. The little fruits were often mis- 
shapen. Many were double and some triple. 

It is not unusual to find unfertilized peach fruits in, the spring, 
little woolly things which fall early in the season in what is 
called the “June drop.” The wnusual feature of the present 
ease is the fact that the unfertilized fruits hung on the trees 
until ripening time and some of them made considerable growth. 
Had they fallen at the usual time they would not have attracted 
attention, but it would simply have been said that the fruit did 
not set well. 

Why this particular orchard should behave in this way is not 
clear. So far as can be learned the orchard has received no unu- 
sual treatment which would account for such a condition. That 
it was partly due to some peculiarity of the variety is shown by 
the fact that trees of other varieties, viz., Old Mixon, Stevens 
Rareripe, Hill Chili, Smock, Stump and Elberta, which were 
intermingled with the Globe trees, all bore a full crop and with 
the exception of Elberta none of them showed any sign of the 
trouble. Elberta showed a little of it. Still it cannot be wholly 
a question of varieties, because last year the same trees bore a 
full crop of fine fruit; and the owner has never before noticed 
any of the trouble. 

Most of ihe trees were in a fair condition of general health. 
For the most part the leaves were dark green and there haé been 
a fairly good growth of new wood. Last year there was a full 
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crop of fruit, but it was thinned so that the trees were not injured 
by overbearing. The soil is a sandy loam, well drained, and the 
air drainage is fairly good. The soil has been cultivated every 
year and no other crop has been grown between the rows except 
when the trees were small. Last spring the orchard was not 
plowed until about June 1, and then the soil baked so hard that 
there was much difficulty in pulverizing it again. No manure 
was applied in the fall of 1900 and none in the spring of 1901. 
In the early life of the trees the owner thought they grew too 
fast and so manure was withheld from them somewhat. « 

The intermingling of the other varieties seemed to have no 
effect upon the Globe. Globe trees standing adjacent to trees 
of other varieties having a full crop of fruit were quite as much 
affected as trees standing at a considerable distance from other 
varieties. 

In the “little peach” disease the pit is of normal size and 
contains a well developed kernel, whereas in this case the pit is 
abnormally small and contains no kernel or at most only an 
abortive one. Herein lies the most striking difference between 
“little peach ” and the effects of imperfect fertilization. Plates 
Ill and 1Vshownatural-size photographs of thirteen peaches, all 
from one tree. Plate IV also shows natural-size photographs of 
the pits from these thirteen fruits. Number one was a normal 
fruit, while the others were undersized as a consequence of 
imperfect fertilization. By comparing the photographs of the 
fruits with the photographs of their pits it will be seen that 
there is an intimate relation between the size of a fruit and 
the size of its pit. Also that the majority of the pits were far 
below the normal size. The latter is also shown in a striking 
manner by the weights of the pits as given in the accompanying 
table: 


TABLE SHOWING WEIGHTS OF PEACH PITS. 


Pit No. 1 weighed.... 6.96 grams. Pit No. 7 weighed.... .80 grams. 
Pit No. 2 weighed.... 6.24 grams, Pit No. 8 weighed.... .50 grams. 
Pit No. 3 weighed.... 5.05 grams. Pit No. 9 weighed.... .40 grams. 
Pit No. 4 weighed.... 2.41 grams. Pit No. 10 weighed.... .20 grams. 
Pit No. 5 weighed.... 1.15 grams. Pit No. 11 weighed.... .20 grams. 
Pit No. 6 weighed..... 1.24 grams. Pit No. 12 weighed. .2. 20 grams. 


Pit No. 18 weighed.... .05 grams. 





PLATE II.—FULL-SIZED PEACH ON TWIG WITH IMPERFECTLY FERTILIZED SMALL PEACHES. 
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PLATE IIIJ.—1, PERFECT PEACH; 2-5, IMPERFECTLY FERTILIZED PEACHES. 
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PLATE IV.—IMPERFECTLY FERTILIZED PEACHES; WITH PITS FROM PERFECT AND 
IMPERFECT FERTILIZATION. 
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When a tree is affected with “little peach” all of the fruits 
on any given branch are affected and are fairly uniform in size; 
whereas, in the case under consideration, a normal fruit and 
Small fruits of various sizes may be found on the same small 
branch. (Plate II.) ; 

There are other important differences between “ little peach ” 
disease and the effects of imperfect fertilization; but the two 
above stated are sufficient to enable anyone to distinguish be-— 
tween them. It is important for fruit growers to note these 
differences. Trees affected with “little peach” should be 
promptly removed. They do not recover and it is possible that 
they may be a source of infection to healthy trees. Imperfect 
fertilization, on the contrary, is certainly not infectious, and 
trees seriously affected one season may bear a full crop the fol- 
lowing season. Consequently, it would be unwise to destroy 
trees because of imperfect fertilization. 

Mr. G. Hiester,’ writing in the Country Gentleman for Novem- 
ber 24, 1898, states that in 1896 his orchard of 3,000 trees bore a 
crop of imperfectly fertilized peaches. The following year the 
Same trees gave “an abundant crop of perfect peaches.” Evi- 
dently Mr. Hiester had to do with a case similar to that observed 
by us at Penn Yan, but he makes the serious mistake of con- 
fusing it with the “little peach” disease. 

Another case of imperfect fertilization was observed in a 
peach orchard near Geneva. On the east side of the orchard 
there were six rows of the variety Crosby and on the opposite 
side six other rows of the same variety. Between the two 
blocks of Crosby there were several rows of Brigdon and Red 
Cheek Melocoton. The Crosby was so much affected with im- 
perfect fertilization that the yield was only about one-sixth of 
a full crop; while the other two varieties were affected but little. 
According to the foreman in charge, the Crosbys were similarly, 
but not so much, affected in 1900. 


‘Hiester, Gabriel. ‘The Cause of Little Peaches. Oountry Gent., 63:928. 
24 N. 1898. 
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V. TILE DRAIN CLOGGED BY YUNGUS. 


On June 13, 1901, while investigating an outbreak of currant 
anthracnose in the vicinity of Milton, we met Mr. H. H. Hallock, 
a vinegar manufacturer of that place. Mr. Hallock informed us 
that the tile drain to his vinegar cellar had become clogged some 
time during the previous May and upon investigation he had 
found that the cause of the trouble was a fungous growth re- 
sembling the “mother” of vinegar. He removed some of the 
tiles at intervals of about twenty-five feet and laboriously poked 
out the fungus until the drain was clear. In about three weeks 
it clogged again. Knowing the destructive effect of copper sul- 
phate on fungi in general it occurred to him to try to remove the 
fungus by putting some of the chemical into the upper end of 
the drain. Accordingly, this was done. About one-fourth 
pound of copper sulphate crystals was placed in the upper end 
of the drain on Saturday. The following Monday it was found 
that a large quantity of the fungus had been discharged from 
the outlet and the drain was again clear. However, in a few 
days it clogged for the third time, and the copper sulphate treat- 
ment was applied again with beneficial results. Fully one-half 
barrel of the fungus was discharged. This was about June 10. 
During the remainder of the season the fungus gave no further 
trouble. 

Our visit on June 13 was timely. A large quantity of the 
fungus lay in a pool of water at the mouth of the drain where it 
could be readily examined. It consisted of brownish, ropy, slip- 
pery masses of various sizes somewhat resembling the so called 
“mother” of vinegar. A small quantity was obtained for 
microscopic examination. It was found to consist almost 
exclusively of hyphz having a diameter of 8 to 11». Some of 
the hyphz were almost wholly destitute of contents, while 
others contained brownish granules which gave the brownish 
tinge in mass. The hyphe were sparingly branched in a dicho- 
tomous fashion. At regular intervals they were sharply -con- 
stricted and at each constriction there was a single spherical 
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body, steel blue in color and having a diameter slightly less 
than that of the hypha. On account of the presence of these 
bodies it was not easy to determine whether there were septa 
at the points of constriction, but it was finally decided that the 
hyphee were non-septate. No sign of fructification was present. 

After a vain endeavor to determine the fungus it was sub- 
mitted to Prof. Geo. F. Atkinson, who at once identified it as 
Leptomitus lacteus Ag. With the name of the fungus known, its 
literature became accessible and it was learned that the fungus 
is one which lives in water contaminated with organic mat- 
ter. In the present case it was feeding upon the small quantity 
of cider drained from the floor of the vinegar cellar. Hum- 
phrey® reports its occurrence at Bridgeport, Conn., in a stream 
below a tripe house; and Gcoeppert’ observed it growing in a 
small stream below a beet-molasses manufactory near Schweid- 
nitz, in Silesia. Humphrey® states that in his studies “it ap- 
peared in fly cultures from waters from the outlets of drains 
containing decaying vegetable matter;” but so far as we can 
learn it has not been previously reported troublesome in drains 
except, perhaps, in a single instance. In the Country Gentleman 
(Vol. 61, p. 406) for May 21, 1896, there is a short article headed, 
“Fungus in Drain.” In this article C. W. B[eak] of South 
Onondaga, N. Y., gives an account of the clogging of his barn- 
yard drain by “a thick scum—looks like the ‘mother’ in vine- 
gar.” By correspondence with Mr. Beak we have obtained ad- 
ditional details of the case and it appears probable that the 
cause of the trouble was Leptomitus lacteus. 

The spherical bodies at the points of constriction in the 
hyphee are so constant and so characteristic that they should 
serve as a mark of identification.” (Plate VI, Fig. 1). They 

°Humphrey, J. E. The Saprolegniacee of the United States, with 
Notes on Other Species. Trans. Am. Phil. Soc., 17 (111):186. 

*Goeppert, H. R. Ueber Leptomitus lacteus in der Weistritz. Ber. d. 
Schles.. Gesellsch. f. vaterl. Cultur, 1852, p. 54. (Reference taken from 
Humphrey.) 

PPC Att... Delo. 


*In all of the material examined by us the cellulin grains (cellulin- 
kérner) were found almost invariably at the points of constriction. 
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prove to be the “ Cellulinkérner” of Pringsheim.” According 
to Pringsheim"™ they are not homogeneous in structure, but show 
Stratification. At first we did not notice this, but upon closer 
inspection it was found to be true. 

Before our study of the fungus was finished and before 
camera-lucida drawings had been made the fungus decayed and 
it was found impossible to obtain more of it. About October 7 
the drain became clogged and Mr. Hallock, thinking that prob- 
ably the fungus was the cause, applied copper sulphate as be- 
fore. But this time the remedy did not work and upon investi- 
gation it was found that rats had removed the wire screen from 
the upper end of the drain, thereby permitting the ingress of 

sticks and rubbish. When the obstruction was finally removed 
a small quantity of light brown fungus came away with it. 
While to the unaided eye this fungus bore some resemblance to 
the fungus which had clogged the drain in June, the microscope 
revealed the fact that it was quite a different thing. It wasa 
mixture, chiefly of two kinds of fungi: (1) A fungus with large 
hyphe bearing a striking resemblance to Rhizoctonia. They 
had a brownish tinge, usually branched at right angles, the 
branches somewhat constricted at the point of departure and 
with the first septum at a distance from the wall of the parent 
hypha. (Plate VI, Fig. 2.) However, the septa were not 
clearly defined and in many cases it was uncertain whether any 
real septa existed. The diameter of the hyphe varied from 12 
Occasionally a constriction was without a cellulin grain and sometimes 
cellulin grains were found elsewhere than at the constrictions; but, as 
a rule, there was a single cellulin grain at each constriction. However, 
it appears that this condition of affairs is not to be expected in all cases, 
and may, perhaps, be the exception rather than the rule. Humphrey 
[Trans. Am, Phil. Soc., 17 (I11):69], in speaking of cellulin grains, says: 
“In Lb. lacteus they often become lodged in constrictions of the hyphe.’’ 
He also cites Rothert’s observation that they may disappear during the 
formation of sporangia. Pringsheim’s figures (Ber. d. deutsch. bot. 
Geselisch., 1, Taf. VII, Figs. 1-9) show the cellulin grains distributed seem- 
ingly without reference to the constrictions. 

’Pringsheim, N. Ueber Cellulinkérner, eine Modification der Cellulose 
in Koérnerform. Ber. d. deutsch. bot. Gesellschaft, 1:288-308. Mit Tafel 


VIL. 
1TLoc. cit. 
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to 24 », the most common size being 15 »: (2) A fungus with 
unbranched, colorless, seemingly non-septate hyphe having a 
diameter of about 2. (Plate VI, Fig. 3.) Neither fungus 
showed any fructification and neither one was determined. 

Subsequently to our study of the fungus in June Mr. Hallock” 
prepared for publication a brief article on the subject, which 
appeared in the Rural New Yorker for July 27,1901. In addition 
to the circumstances which we have already related, he states 
that the tile drain was put into place in the autumn of 1900 to 
replace a stone drain which, although it had not run as freely 
as it should, had, nevertheless, never become completely clogged 
during the several years in which it was in operation. The new 
tile drain was made of three-inch porous tiles and worked all 
right during the fall and winter, but clogged in the spring ata 
time when there was plenty of rain to keep the drain flushed out. 
In the fall, at cider making time, considerable pomace is run off 
through the drain, and had it clogged at that time it would have 
been less strange. 

In this connection it is interesting to note that Mr. Beak’s 
barnyard drain at South Onondaga had been in place fifteen 
years before it became clogged. He removed the fungus by 
mechanical means. In his recent letter to us he states that he 
did not use the sulphuric acid recommended by the Country Gen- 
tleman; neither did he use any other chemical, and yet the drain 
has not clogged since the spring of 1896. Last spring he again 
saw indications of the presence of the fungus, but by turning a 
large quantity of water into the upper end of the drain he suc- 
ceeded in washing out the fungus and prevented clogging. 

Mr. Hallock’s method of clearing his drain of fungus by the 
use of copper sulphate is so simple and so cheap that it is 
worthy of recommendation in all cases of this kind. Sulphuric 
acid, carbolic acid and other strong chemicals are also destruc- 
tive to fungi and may, perhaps, answer equally well. 

We think it likely that the clogging of drains by fungus may 
be more common than is generally known. 


“H[allock], H. H. Blue Vitriol Cleans a Drain. Rural New Yorker, 
OU 1D. 
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EXPLANATION OF PLATE VI. 

Fic. 1. Leptomitus lacteus from tile drain; a, a cellulin grain; 

Fic. 2. Large hyphe from tile drain. Magnification 225 diam- 
eters ; 

Fic. 8. Small hypha from tile drain. Magnification 1060 diam- 
eters ; . 

Fias. 4-8. Refrigerator fungus: 4, a living hypha; 5, four spores (?) ; 
6, portion of a hypha with forming spore borne later- 
ally; 7, portion of a hypha with spore borne terminally ; 
8, hyphe after four months in formalin. Magnifica- 
tion 650 diameters. 

Note.—Figs. 2-8 made with the aid of a camera-lucida. Fig. 1, 
diagrammatic. | 





PLATE VI.—FuNGI FRomM TILE DRAIN AND REFRIGERATOR. 
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VI. A FUNGUS IN REFRIGERATORS. 


Last July our attention was called to a refrigerator which was 
not working properly. The provision compartment was flooded 
with water. Upon investigation it was found that the drain 
pipe was plugged throughout its entire length with a fungous 
erowth. The conical cap over the lower end of the drain pipe 
was likewise filled with it, as was also the tube of a large funnel 
set to catch the water and conduct it through the floor. 

Being, at that time, interested in the tile drain fungus dis- 
cussed in the preceding article, we at once became interested in 
this somewhat analogous case and decided to make a study of it. 

The fungous growth was gray or dirty gray in color; but on 
account of admixture with dirt from the ice some of it was quite 
dark. It had a slimy, slippery feel and clung together in sheets 
or rope-like masses which were often several inches in extent. 
Microscopic examination showed the slimy, gray masses to be 
composed of small, uncolored fungous hyphz loosely woven 
together. The hyphz were branched and had a diameter of 3 
to bv. They contained numerous roundish granules of various 
sizes, and appeared to be non-septate. The most striking char- 
acter of the fungus was the presence of curved spore-like bodies 
resembling the spores of Fusarium except that they were non- 
septate. They measured 28 to 43y in length by 44y in width. 
They were abundant and most of them were free, but occasion- 
ally they were found attached to the hyphe both laterally and 
terminally (Plate VI, Figs. 4-8). We have been unable to iden- 
tify the fungus. In the fresh condition we were unable to find 
any traces of septation, either in the hyphe or spores; but after 
the fungus had been preserved four months in a 4 per ct. solu- 
ion of formalin, some of the hyphe had the appearance of being 
septate (Plate VI, Fig. 8). However, the small size of the hyphz 
makes it difficult to determine this point with certainty; there- 
fore, the identity of the fungus is very uncertain. If the hyphe 
are really non-septate (and we incline to this opinion) the fungus 
belongs to the Phycomycetex, a group which contains many 
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species of water-inhabiting fungi. On the other hand, if “the 
hyphe are septate it belongs either to Fusarium or Fusisporium, 
and the species of these genera rarely live in water. 

It appears that this gray, slimy fungus is of common occur- 
rence and wide distribution in refrigerators. Upon inquiry 
among the members of the Station staff it was found that 
several of them are familiar with the fungus. Five of them 
furnished us with samples, all of which proved to be identical 
with the original sample. In each case the fungus with small, 
colorless hyphz and curved spores was found to predominate. 
Sometimes traces of other fungi, Oscillaria and bacteria were 
found but never in quantity. It is plain that the chief culprit is 
the fungus above described. Mr. Harding, the Station Bacteri- 
ologist, informs us that while he was an assistant in the bacte- 
riological laboratory of the University of Wisconsin a refrig- 
erator kept in the laboratory clogged at frequent intervals with 
a fungus probably the same as that found by us. 

Correspondence with some firms manufacturing refrigerators 
indicate that the trouble is a general one. The Wilke Manufac- 
turing Co., Anderson, Ind., write as follows: “ Replying to yours 
of the 15th, we haye encountered, in a commercial way, the fun- 
gus growth to which you refer. We have always referred to it 
as ‘slime from the melted ice.’ It is a peculiar deposit or growth, 
and will in time choke up the drain pipe. There seems to be 
little or no difference whether the ice is natural or artificial— 
from distilled water. In our Instruction Card, which accom- 
panies each refrigerator, we refer to this ‘slime’ and request the 
users to remove drain pipe and scald it at least once a month 
during the summer season.” 

The Bowen Manufacturing Co., Fond du Lac, Wis., write: 
“Our attention has at times been called to clogged drain pipes, 
which on being emptied proved to be filled with a substance 
having the appearance of jelly, with firmness enough to hold 
together in lengths of several inches. We had never looked upon 
this as a fungus growth, but rather as gelatinous matter coming 
from the ice, or condensed from the vapors which arise from 
the articles placed in the provision compartment.” 
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In this connection we will call attention to a popular error 
concerning the origin of the “slime.” In the main, it is a growth 
and not a deposit or accumulation of matter from the melted ice. 
In all probability the trouble originates with the ice; that is, 
the ice contains spores or fragments of the fungus which, upon 
the melting of the ice, become lodged in the drain pipe and then 
commence to grow and multiply to an enormous extent. In all 
cases coming under our observation the principal part of the 
obstruction has been made up in this way; but if there is dirt 
or other foreign matter in the ice it lodges with the fungus and 
adds to its bulk. The nourishment of the fungus consists, chiefly, 
of waste material from food placed in the ice chamber. With 
many housewives it is a common practice to use the ice chamber 
for storing provisions whenever the provision compartment 
becomes crowded. As a consequence, milk, meat juices, parti- 
cles of butter, etc., find their way into the drain pipe to furnish 
nourishment for the fungus growing there. 

In one of the letters quoted above it is stated that it seems to 
make little difference whether the ice used is natural or manu- 
factured. This needs explanation. Ice made from distilled 
water cannot contain the germs of the fungus and if used in a 
new refrigerator there would probably be no trouble with slime 
in the drain pipe. But a change from natural ice to manufac- 
tured ice will not result in the disappearance of the slime unless 
the precaution is taken to thoroughly disinfect the drain pipe 
and the ice chamber. Otherwise, the fungus contiues to grow as 
before, because the drain pipe is already “seeded ” with the fun- 
gus before the manufactured ice comes into use. 

The presence of the fungus should not be regarded as evidence 
that the ice is dangerously impure. A mere trace of the fungus 
in the ice may bring about a luxuriant growth in the drain pipe. 

The simplest and most effective way of getting rid of the fun- 
gus is to occasionally wash out the drain pipe and ice chamber 
with boiling water. 

11 
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A STUDY OF ENZYMES IN CHEESE.* 





L. L. VAN SLYKE, H. A. HARDING AND B. B. HART. 


SUMMARY. 


I. Introduction—Cheddar cheese contains enzymes coming 
from (1) bacteria, (2) milk glands of cows and (3) rennet. These 
enzymes, or chemical ferments, change insoluble cheese-casein 
into soluble nitrogen-compounds. The investigation has aimed 
to exclude bacterial action in cheese and limit the action to 
results produced by enzymes present in milk when made into 
cheese. 

II. Historical outline—Early work done to show whether 
enzymes were active in cheese ripening gave negative results, 
owing to faulty methods of investigation. Babcock and Russell 
furnished the first positive evidence in 1897 in the discovery of 
the enzyme galactase in milk. They and others have also shown 
the power of rennet-enzymes to render cheese-casein soluble. 

III. Methods of chemical analysis used.—Outlines are given to 
show methods used in determining total nitrogen, water-solubie 
nitrogen and nitrogen in forms such as albumoses, peptones, 
amides and ammonia; also method of determining chloroform in 
cheese. In milk, the term soluble nitrogen includes adl nitro- 
gen-compounds except casein and albumin; in cheese, it includes 
all the nitrogen soluble in water under the conditions indicated. 

IV. Ejfect of chloroform, ether and formalin on the action of 
enzymes.—(1) The effect of quantities of chloroform, varying from 
24 to 30 per ct. in milk, covering a period of 192 days, is shown 
to be apparently small in respect to restraining enzyme action. 
(2) It is shown that increase of fat in a mixture has little or no 


*A reprint of Bulletin No. 203. 
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eifect upon the antiseptic value of chloroform. (38) Chloroform 
is shown to be somewhat more effective in repressing bacterial 
activity than ether or a mixture of chloroform and ether, with- 
out interfering with enzyme action. (4) Formalin appears to 
restrain enzyme activity much more than does chloroform. 

V. Connection between bacteria in the udder and enzymes wm the 
milk.—Examination of milk drawn from different quarters of the 
udder with all necessary precautions shows that there is an 
apparent relation between the number of bacteria in the udder 
and the rapidity with which soluble nitrogen-compounds are 
formed in the milk. 

VI. Ripening process in normal cheese and in cheese made with 
chloroform.—(1) Method of manufacture. Chloroform is intro- 
duced into milk at beginning of operation of cheese-making, 
using 4 or 5 per ct. of chloroform for the milk employed. The 
cheese thus made contains 12 to 15 per ct. of chloroform. It 
is then kept in an atmosphere of chloroform. All bacterial 
action can thus be prevented. (2) Chemical changes in cheese 
under chloroform compared with the normal cheese. In normal 
cheese, more soluble nitrogen is formed than in cheese made 
and cured with chloroform; the soluble nitrogen at the end of 
a year being about 387 per ct. in normal cheese and less than 23 
per ct. in chloroform cheese. The amount of soluble nitrogen 
formed in chloroform cheese is regarded as representing work 
. done by enzymes present in the milk when made into cheese. 
(3) Influence of acid upon enzyme action. Two-tenths of one 
per ct. of lactic acid added in the operation of making cheese — 
with chloroform increased the amount of soluble nitrogen in 
a marked degree. (4) The use of salt retards the ripening of 
cheese to a degree quite marked. (5) Difference in character of 
chemical change in normal and in chloroform cheese. (a) In 
normal cheese the proportion of amides is large in comparison 
with albumoses and peptones. In chloroform cheese the reverse 
is true. (b) In chloroform cheese little or no ammonia is formed, 
while in normal cheese ammonia appears early and increases 
steadily. 
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I. INTRODUCTION. 


Fermentation, or the breaking down of complex organic com- 
pounds into simpler ones, was first looked upon as a purely 
chemical process. Later it was studied from the standpoint 
of germ life and now we are coming to see that most of the work 
of fermentation is accomplished by the action of unorganized 
ferments commonly called enzymes. Enzymes are chemical sub- 
stances, without life, capable of causing deep-seated changes in 
certain substances, the enzymes themselves undergoing little or 
no change. They are produced by the activity of plant or animal 
cells. 

As we shall see, Cheddar cheese as ordinarily manufactured, 
contains enzymes derived from three sources—(1) bacteria, (2) 
milk glands of cows arfd (3) rennet. 

During the past three years, in which we have constantly been 
- working upon the problem of cheese ripening, it has been our 
hope to determine what proportion of the casein decomposition 
in normal cheese can be justly ascribed to the activity of 
enzymes. <A direct determination under normal conditions is 
rendered impossible by the continued activity of germ life 
within the cheese mass. A separation of the activities of the 
various groups of enzymes is also rendered difficult under 
ordinary circumstances, owing to the intimate way in which the 
enzymes are mingled during the process of manufacture. 

Work on these lines is going forward under more satisfactory 
conditions than before and this report is to be considered only 
as a record of a portion of the data secured. 

The difficulties attending an investigation of this kind have 
been reduced to a minimum by the convenient location of all the 
departments and supplies concerned in the work. Our _ bae- 
teriological laboratory, cheese-curing rooms and dairy are in one 
building, while the chemical laboratory and the cattle barns are 
only a few rods distant. 

In making the cheese used in our investigation, we have had 
the valuable assistance of Mr. George A. Smith, Dairy Expert, 
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Mr. L. A. Rogers, Assistant Bacteriologist, has done much of 
the routine work connected with the bacteriological examina- 
tions. Mr. J. A. Le Clere and Mr. A. J. Patten have rendered 
efficient assistance in some of the chemical work. 


II. HISTORICAL OUTLINE. 


The following outline of the work previously done in relation 
to cheese ripening covers only those features that relate to the 
special problems we have been studying. 

In 1887, Benecke,! in discussing the role of bacteria in cheese 
ripening, stated that, while they probably caused such changes, 
yet the ripening might really be due to the activity of Some unor- 
ganized ferment. He pointed out that, if bacteria are not essen- 
tial to cheese ripening, this fact could be made clear by the 
preparation of cheese under conditions which would exclude 
bacterial activity. Acting on this suggestion Adametz? pre- 
pared a number of Hauskdse, a form of soft cheese, in the nor- 
mal way, except that he added various disinfectants to the milk 
or to the curd derived from it. 

When cheese made with the addition of kreolin or of thymole, 
were examined bacteriologically, they were pronounced sterile; 
but even when kept for double the normal length of time, they 
did not take on the appearance of ripened cheese. His experi- 
ments with salicylic acid, oxalic acid and with vapors of carbon 
disulphide and iodine were less satisfactory in repressing the 
microérganisms in the cheese, but these agents seemed to hold 
back the ripening in proportion as they inhibited the activity of 
germ life. | 

Cheese investigators quite generally accepted these results as 
settling the point raised by Benecke, and during the succeeding 
ten years the work on cheese ripening was based upon the 
theory of germ action. 

The phenomena of ripening in cheese may be divided into two 
classes, (1) the chemical decomposition of casein and (2) the for- 





41Benecke. Cent. f. Bak., I Abt., 1:521 (1887). 
*Adametz. Thiel’s Landwirtschaftliche Jahrb., 18:227 (1889). 
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mation of cheese flavors. These may or may not arise from 
common causes. The casein begins to undergo change at once, 
while the formation of flavors begins some time later, after 
which the two progress simultaneously. These two groups of 
phenomena cannot be measured by the same means or standards. 

Duclaux, Adametz, Weigmann and their disciples have 
directed their attention to the formation of flavors and have 
quite generally relied upon the odor and physical appearance of 
their material in judging of the rate and character of the 
ripening. In those cases in which they have gone more fully 
into the solubility of the casein, they have usually determined this 
point by its ability to pass through a porcelain filter, a method 
which von Freudenrich & Jensen* have shown to be extremely 
liable to error in practice. They have rarely attempted to show 
that the species of bacteria which they look. upon as the causal 
ones are present in cheese in any considerable quantities. They 
have, for the most part, confined themselves to showing that 
pure cultures of these species are able, by means of excreted 
enzymes, to digest the casein of milk and at the same time to 
form cheese-like odors. In some cases they have made cheese 
withthe additionof pure cultures or of solutions of their enzymes 
and have stated that the resulting product was better flavored 
than cheese made in the usual way. In establishing this point, 
however, they were handicapped by the lack of accurate 
standards for measuring such relations. 

Recently Adametz and Winkler! have placed a culture of one 
of these bacilli upon. the market under the trade name of 
“Tyrogene,” its use being expected to result in the production 
of a desirable Emmenthaler flavor in cheese. Some preliminary 
tests by von Freudenrich® have failed to indicate that it will 
accomplish this desired end. 

When the study of-the kinds of bacteria present in cheese 
was extended so as to include the numbers of each kind, it was 
found that the enzyme-forming bacteria previously mentioned 

8y. Freudenreich and Jensen. Landw. Jahrb. d. Schweiz., 14:169 (1899), 


‘Winkler. Molkerei Ztg., 14:817 (1900). 
Sy. Freudenreich. Ann. Agr. Suisse (1901). 
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were present only in small numbers. Even when large numbers 
were added to milk before making it into cheese, these bacteria 
ceased to grow almost as soon as the curd was put into the 
press and rapidly disappeared in the cheese. 

It was found that from the time cheese was made until fully 
ripened there were present few besides lactic acid bacteria, so 
called because they curdle milk by production of acid without 
Subsequent digestion of the casein. From these results von 
Freudenreich was led to question the connection between 
enzyme-forming bacteria and ripening process. He made numer- 
ous attempts to produce cheese with the addition of cultures 
of enzyme-forming bacteria, which uniformly resulted in a 
product of poorer flavor, according to his opinion. He then 
became the champion of the theory that lactic acid bacteria are 
the principal, if not the only, cause of cheese ripening.® 

The chief objection to this theory is the fact that no one has 
yet been able to demonstrate the production of an enzyme on 
the part of lactic acid bacteria. Without such aid it is difficult 
to understand how a becterium is to attack an insoluble sub- 
stance such as the coagulated casein in cheese. 

Von Freudenreich’? added chalk to milk cultures of these lactie 
acid bacteria for the purpose of preventing the accumulation of 
acid and of simulating in this respect the conditions found in 
cheese. He was thus able to demonstrate the ability of these 
organisms to increase materially the amount of soluble nitrogen. 
However, Chodat and Hoffman-Bang* have pointed out that 
this is not equivalent to attacking the casein after it has been 
coagulated by rennet. They maintain that lactic acid becteria 
are unable to attack coagulated casein, even when sugar is not 
present. 

In a later publication Jensen,? without bringing forward 
adequate experimental evidence, has suggested that lactic acid 
bacteria are able to elaborate an enzyme. 

®y. Freudenreich. Cent. f. Bak., II Abt., 1:384 (1895). 

7y, Freudenreich. Cent. f. Bak., II Abt., 3:231 (1897). 


®Chodat and Hoffman-Bang. Ann. Inst. Pasteur, 15:36 (1901), 
*Jensen. Landw. Jahrb. d. Schweiz., 14:197 (1900). 
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In 1897 Babcock & Russell! announced that the milk of all 
mammals contains, in addition to the previously known sub- 
stances, galactase, a tryptic-like ferment capable of producing 
digestion of casein, and they suggested that this substance 
might play a considerable role in cheese ripening. The correct- 
ness of their statements regarding the existence of this sub- 
stance has been substantiated by Storch,“ von Freudenreich” 
and Jensen.*8 

In 1901 Babcock, Russell and Vivian and Jensen almost 
simultaneously called attention to the ability of pepsin, con- 
tained in rennet solution, to render casein soluble, and they 
presented experimental evidence to establish this point. 

Thus, we see that cheese, as ordinarily manufactured, contains 
enzymes derived from three different sources, (1) bacteria, (2) 
milk glands of cows and (38) rennet. 

Enzymes, in acting upon casein, cause its decomposition and 
probably produce compounds that furnish some of the cheese 
flavors. While we appreciate as highly important, from a 
practical standpoint, the study of cheese flavors, we have 
devoted our time chiefly to a study of enzyme action upon cheese- 
casein. It seems that this constitutes so fundamental a prob- 
lem in cheese ripening that it should be first studied, and more- 
over its solution will doubtless go far toward solving the 
probiem of flavors. 


II. METHODS OF CHEMICAL ANALYSIS USED. 


In a later bulletin the methods of chemical analysis used in 
determining the amounts of nitrogen present in different forms 
in cheese wili be presented and discussed in full detail. In this 
connection it seems sufficient to present only a brief outline of 
such methods. 


*Babcock and Russell Ann. Rept. Wis. Exp. Sta. 14:161 (1897). 

“Storch. 40 Rept. Copenhagen Exp. Sta. (Denmark). 

vy. Freudenreich. Cent. f. Bak., II Abt., 5:241 (1899). 

®Jensen. See footnote 9. 

* Babcock, Russell and Vivian. Ann. Rept. Wis. Exp. Sta. 17:102 (1900), 
also Cent. f. Bak., II Abt., 6:817 (1900). 

Jensen. Landw. Jahrb. d. Schweiz., 14:197 (1900), also Cent. f. Bak., 
“II Abt., 6:734 (1900). 
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PREPARATION OF CHEESE EXTRACT. 


Twenty-five grams of cheese are mixed with quartz sand and 
treated at 122° to 140° F. (50° to 60° C.) for a half hour with 
each of several successive portions of water, decanting and 
filtering each portion of extract until 500 cc. have been accummu- 
lated. Portions of the solution thus prepared are used in 
making the various determinations. 


DETERMINATION OF NITROGEN-COMPOUNDS IN CHEESE EXTRACTS. 


(a) Total water-soluble nitrogen is determined in an aliquot part 
of the water extract. 

(b) Precipitation by alum.—To 100 cc. of water extract, 2 ce. 
of saturated alum solution are added and digested at 104° to 
108° F. (40° to 42° C.) until precipitation is complete. The 
precipitate is filtered, washed and then treated by Kjeldahl 
method to determine nitrogen. 

(c) Coagulation by neutralizing and boiling—The clear filtrate 
from (b) is exactly neutralized by dilute fixed alkali and heated 
on water bath until coagulation is complete. The precipitate is 
filtered, washed and its nitrogen determined by Kjeldahl 
method. 

(d) Albwmoses.—To the filtrate from (c) two or three drops of 
dilute (one to three) sulphuric acid are added, and then powdered 
zinc sulphate to saturation. The mixture is heated on water 
bath until precipitation is complete and the nitrogen is deter- 
mined in the precipitate washed with saturated solution of zine 
sulphate. 

(ec) Peptones.—To the filtrate of (d) two or three drops of 

“strong hydrochloric acid are added and then bromine in succes- 
sive portions of a few drops at a time, accompanied by vigorous 
shaking until the liquid becomes super-saturated. The nitrogen 
in the washed precipitate is determined as before. 

(f) Amides.—(1) First Method. ‘The nitrogen in filtrate from 
(e) is determined directly by Kjeldahl method and this, less the 
nitrogen present as ammonia, is the amide nitrogen. ! 

(2) Second Method. To 100 cc. of the original cheese extract — 
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there is added about one gram of common salt, together with an 
excess of ten per ct. tannic acid solution. The precipitate 
formed is filtered and washed and the nitrogen determined in an 
aliquot part of the filtrate. From this amount of nitrogen is 
deducted the amount of nitrogen found as ammonia in (g) and 
the remainder is the amount of amide nitrogen. 

(c) Ammonia.—To an aliquot portion of the filtrate obtained 
in (f), magnesium oxide is eaded and the ammonia separated by 
distillation. 


DETERMINATION OF NITROGEN-COMPOUNDS IN MILK. 


Casein.—To 20 gms. of milk, diluted with water to about 
100 cc., are added 2 to 23 cc. of saturated alum solution. The 
determination is completed as under (b) in cheese extract, and 
the other determinations are made as described above in the 
cheese extract. 


DETERMINATION OF CHLOROFORM IN CHEESE AND MILE. 


About 5 gms. of milk or cheese are placed in a pressure bottle 
with about 10 cc. of alcohol and 5 gms. caustic potash. The 
bottle and contents are then heated 30 minutes at 230° F. 
(110° C.) in an autoclave. The resulting chloride is determined 
volumetrically as in case of chlorine in sodium chloride. 


FORM OF STATING RESULTS. 


The figures given in the various tables represent percentages 
of the total nitrogen in milk and cheese. This form of state- 
ment is usually preferable, as figures representing the actual 
percentages in milk and cheese are often very small. Hence, 
considerable variations, expressed in percentages of nitrogen, 
often represent very small variations when expressed in actual 
amounts present in cheese and milk. 

The soluble nitrogen in milk, as used in this bulletin, includes 
all nitrogen compounds except casein and albumin. The water- 
soluble nitrogen in cheese includes all the nitrogen soluble under 
the conditions indicated in preparing the water extract of 
cheese, 
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IV. EFFECT OF CHLOROFORM, ETHER AND FORMA- 
LIN ON THE ACTION OF ENZYMES. 


In an investigation of this kind a prime necessity is a means 
of totally suppressing the action of germ life. It is equally 
important that the action of the agents employed shall not be 
so violent as to alter the enzymes @r the casein. 

The work of Babcock and Russell has suggested two sub- 
stances suitable for this purpose, ether and chloroform. Of the 
two we have used chloroform almost exclusively for several 
reasons: (1) As an anesthetic it is more efficient; (2) its pro- 
portion in any mixture can be quantitatively determined with 
approximate accuracy by chemical analysis; (8) the amount 
required to prevent germ growth does not so largely increase 
the bulk of the mixture; (4) being less volatile, there is less loss 
in sampling materials under investigation; (5) it is not inflam- 
mable. 

In all our work with solutions it has been our aim to mix 
carefully by shaking at least once a day during the entire course 
of the experiment. Too much stress cannot be laid upon this 
point, since mixtures of milk with ether or chloroform tend to 
separate on standing and thereby produce conditions favoring 
the germination of spores in certain portions of the mixture. 


EFFECT OF VARYING PERCENTAGES OF CHLOROFORM ON ENZYME 
ACTIVITY. 


Since the relation of chloroform to the activity of these 
enzymes has not been investigated, except in a very general way 
by Babcock and Russell, the following study of its action on 
galactase and bacterial enzymes was made. 

Duplicate bottles of separator skim-milk containing only a 
trace of fat were prepared containing 2.5, 5, 10, 20 and 30 per ect. 
of chloroform by volume. These bottles were kept at 60° F. 
(15.5° C.), and examined both chemically and bacteriologically. 
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TABLE I.—INFLUENCE OF VARYING AMOUNTS OF CHLOROFORM UPON THE 
ACTIVITY OF ENZYMES. 


In 100 lbs, total nitrogen, 
~A————- 














Nitrogen for 
Amount of Total soluble albumoses and Nitrogen in No. of 
ehioroform, Age, nitrogen, peptones. amides, germs per 
Per ct. ‘Days. Lbs. Lbs. Lbs. bed 
. fresh 9.33 4.58 4.75 
2.5 7 11.60 6.81 4.79 28 
5 7 11.63 6.94 4.69 46 
10 7 11.72 7.07 4.65 26 
20 7 11.63 6.79 4.84 25 
30 7 12.28 7.87 4.91 18 
2.5 21 16.80 9.94 6.86 42 
D ya | 16.16 8.47 7.69 36 
10 21 16.39 8.99 7.40 25 
20 21 16.37 8.34 8.03 26 
30 21 138.69 7.07 6.62 30 
235 49 21.79 14.75 7.03 
5 49 21.65 14.63 02 ——— 
10 49 21.40 14.93 6.47 ——— 
20 49 20.11 14.36 5.79 —_— 
30 49 22.99 1Get 6.82 
2.0 112 33.15 18.81 14.3: 9 
5) 112 33 .62 18.59 15.03 10 
10 112 30.51 16.38 14.13 11 
20 112 83.78 16.39 47-39 6 
30 112 33.06 19.15 13.91 5 
2.5 192 41.98 19-18 22°30 13 
5 LO 39.37 14.85 24.52 14 
10 192 35.36 15.13 20.23 T 
4 192 35.65 16.37 19.28 6 
30 192 35.78 17.30 18.48 





During 112 days the amount of soluble nitrogen varied within 
very narrow, limits in the different bottles. During the next 80 
days the bottles containing 2.5 and 5 per ct. of chloroform 
showed a little more soluble nitrogen than the others, in which 
the amounts of soluble nitrogen were almost identical. These 
results could hardly be interpreted as indicating, even after the 
lapse of 192 days, any marked difference in the effect of definite 
quantities of chloroform upon the activity of enzymes. The 
germ content, as shown by bacteriological analysis, is in entire 
agreement with the results of chemical analysis. 

From these results we see that in the presence of 2.5 per ct. 
of chloroform the increase of soluble nitrogen is continuous and 
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considerable. However, these results do not enable us to know 
whether the chloroform exercised any restraining influence upon 
the activity of the enzyme. Any such repressing effect of chlo- 
roform upon enzyme action could be directly shown only by 
using as a means of comparison inilk containing no chloroform, 
but under such conditions the action of bacteria would render 
the comparison worthless. 

A comparison of the changes produced in the bottles contain- 
ing the different percentages of chloroform shows a surprisingly 
small decrease of change in bottles having the larger propor- 
tions of chloroform. This tends to show that chloroform 
restrains enzyme action only slightly. 

The germ content, even in the bottles containing only 2.5 per 
ct. of chloroform, was so small that the observed changes were 
undoubtedly due to the enzymes present in the milk at the begin- 
ning of the experiment. 


EFFECT OF VARYING PERCENTAGES OF FAT UPON THE ANTISEPTIO 
VALUE OF CHLOROFORM. 


In the case of ether, Babcock and Russell?® have shown that 
it has a strong tendency to combine with the fat present in such 
a way as not to exert its anesthetic influence. For this reason 
rich cream could hardly be kept from decomposing through 
bacterial action when ether was used. 

To test this phase of the question with chloroform, two series 
of bottles were prepared. The first contained 10 per ct. and the 
second 20 per ct. of butter-fat and in each series duplicate 
bottles contained 2.5, 5, 10 and 20 per ct. of chloroform. 

In order that the transformations in each of the bottles in the 
two series should be directly comparable when expressed in per- 
centages of total nitrogen, it was necessary that for a given 
quantity of nitrogen in any bottle there should also be present a 
corresponding amount of enzyme. 

In order to maintain these relations, each bottle contained 
900 ce. of a mixture made up of 540 ce. of whole milk, together 
with sufficient chloroform and melted butter-fat to give the 


’Babcock and Russell. See footnote 19. 
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desired percentages by volume. Water was then added to bring 
the total up to 900 ce. 

The butter-fat used, after being heated above 185° F. (85° C.) 
for 10 minutes to kiil the enzymes present, was filtered tu remove 
the coagulated casein and was then decanted to free from water 
and salt. 

The chloroform assisted in emulsifying the fat and it was only 
in those bottles containing the smaller percentages of chloroform 
that difficulty was experienced in getting satisfactory samples 
for chemical analysis. In order to minimize this difficulty, the 
botties were warmed at 99° F, (37° C.) for a few hours before 
sampling in order to melt the fat. During the rest of the time 
they were kept at 60° F. (15.5° C.). 


TABLE II.—EFFECT OF VARYING AMOUNTS OF FAT UPON THE ANTISEPTIO: 
VALUE OF CHLOROFORM. 


In 100 Ibs. total nitrogen. 
“~ 



































Proportions of ' Nitrogen in Number 
_—_—__ Total soluble albuinoses Nitrogen of germs 
Chloroform. Fat. Age. nitrogen. and peptones, in amides. per cc. 
Per ct. Per ct. Days. Lbs. Lbs. Lbs, 
Fresh: 17,124 
20 10 14 1901 10.52 8.79 
20 20 14 22.35 10.07 Lae2o —— 
10 10 14 7 We 2 yd 12.86 9.06 wee 
10 20 14 19.47 9.38 10.09 —_——- 
5 10 14 24.45 15.09 9.3 —_——. 
5 20 14 23.58 42223 135 —- 
2.5 10 14 28.14 16.21 11;,95 —_—~ 
2.5 20 14 28.82 15.65 Bah 
20 10 56 35.47 21.56 13.91 165 
20 20 56 34.85 20.04 14.78 165 
10 10 56 38.06 23 .20 14.86 167 
10 20 56 38.23 21.26 164.97 
5 10 56 39.24 23 .03 16.21 BAS: 
5) 20 56 39.48 22 .3€ WS gra (2 82 
2.5 10 56 38.26 24.44 18.82 209 
20 10 112 34.66 18.28 16.3 298 
20 20 112 36.74 20.24 16.50 
10 10 112 37.08 18.62 18.46 260 
10 20 112 41.78 21.40 20.3 142 
5 10 112 40.82 19.35 21.48 196 
5 20 me 43.05 23 .95 19.10 107 
2.5 10 112 36.48 18.53 17.95 274 
2.0 20 112 38.81 19.09 19.72 a4. 


12 
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The preceding table does not show any marked influence due 
to the presence of such varying amounts of fat. 

There are more bacterial spores present than are shown in the 
results given in Table I. This is probably due to the combined 
action of a number of factors: (1) The heating of the butter 
was not high enough to kill the spores introduced from that 
source; (2) the presence of many small globules of fat in the 
cultures makes counting difficult and tends to give too high 
figures; (8) this experiment was started in midsummer, when the 
air is better supplied with spores, than in midwinter, when the 
former investigation was begun. 

A comparison of the percentages of change shown in Tables I 
and II after corresponding intervals shows the transformation 
to have been more rapid in the case of Table II. This is easily 
accounted for by the fact that here whole milk was used and the 
proportion of enzyme to nitrogen was greater than in the former 
case where the skim-milk was poorer in enzyme on account of the 
amount lost in the separator slime and in the cream. 


COMPARISON OF EFFECT OF ETHER, CHLOROFORM AND A MIXTURE OF 
BOTH UPON ENZYME ACTION, 


Milk was obtained from two cows, care being taken to brush 
and moisten the flank and udder and to steam the pail, but by 
mistake the fore-milk was used in the case of one cow. The milk 
was taken directly to the laboratory and plates made, which 
later showed a germ content of 2719 per cc. The fat content of 
the milk was 4.5 to 5 per ct. Duplicate bottles were prepared in 
three series containing (1) 15 per ct. of ether, (2) 3 per ct. chloro- 
form and (8) a mixture containing 2.9 per ct. of ether and 2.1 
per ct. chloroform, The bottles were kept at 99° F, (87° C.). 
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TABLE III.—ComMPaARISON OF EFFECTS OF ETHER, CHLOROFORM, AND MIX- 
TURE OF BOTH UPON THE ACTIVITY OF ENZYMES. 





























Anesthetic used. In 100 pounds total nitrogen. 
if vi ; Mixture. Total =) Nitro- Nitro-_ We) 
oa oe soluble gen in geu Nitro- Number 
Chloro- Chloro- Itro- albu- in pep- genin of germs 
Ether. form. Ether. form. Age. gen. moses. tones. amides. per ce, 
Perct. Perct. Volumes. Days. Lbs. Lbs. Lbs. Lbs. 

15 PS ah eeu one ae Zee 1602 3.95 2: «OS 5.04 Poe 
Fresh 2719 
oie 3 = 2 15.61 4.54 3.87 5.19 140 
Sta es cal she 4 vite 2a wows 5.66 2.88 5.14 93 
OM EMRatds ofS o's 0 a's ties : HiPw16.75 4.81 5.64 6.380 19 
en 3 2 5, 14,90 4.26 4.25 6.39 116 
PMc ga toy oa és ia Logee 3.70 3.60 5.93 28 
CMM) oie Ui ately x 044 ‘oi 00 ; fat My? BEY Be 6.38 5.65 8.70 ——— 
aie eis 3 2 8 TO 5.18 4.71 (Pye Seen 
COR cieiine ea 5 ° sma Gy (pe 8 4.26 4.62 8.43 a 
15 Deavalart\ eie's.9)s:ei¢oa aa 14 25.64 9.90 4.72" (11.02 100 
F 3 2 14) 25°92 8.98 SSS ed ee OG: 5 
3 Shaletel oversea ore 14 24.82 9.16 3.6P VIZ 04 6 
15 aire hahiei chal atte Wire ar Zi $2.49'" 114.34 4.90 18.25 121 
3 a pM I Oe 1B en Ua a4 4.53 , 13°89 62 
3 Sia eteie eiesare ZEN FAT 8O7  LOLOS 4.81 12.50 6 
15 “ie SAA ee “ 28 35.81 £14.89 8:42 13450 161 
: 3 Zz 20 aeavi2 te 10.74 6.85 14.55 18 
3 wel die 7 mo) &29. 8089 11. 66 5.64 12.50 +4 
UR ae Satie oe c's 6e pee GOT BO.st) Lele CLOk ts lore _—— 
oe. 3 2 aot! 82.490; 13). 24 §.46:° 7 18079 Tt 
3 Beer Aree Se) oc eines = a GLOW ihe ales 4) 
Nas ag, SEE aS rare ss 42 389.63 18.98 ESS ae 138 
aiste's 3 2 4 36.57... 15.56 1.59.9 €B AZ 13 
ae (AL be aN far BO ON LD 4 t OLA a 3600 6 
A ects : es 56. 45.75 .19.45, 11.39. 14.91 183 
: 3 Pe Wen tahoe aa F hemi Oe Seb tal s.bibs cee 5 

D Lied eared - ‘ 56 Lost 
IRL eke. Watec sheds oe Se On Urn eee. core Leben |b kur 320 
Spree 3 2 S84 48.44 L1,85.0 G2 .605 7 LTL9OG 4 
3 teh wa aeee Hs Sat, 45 iooew, 18.525. 10. 8384 166658 3 
Ms di his) ola lay ails dita a} a Lekiee ge VOU den) SSP 24. OGY 2 OTHOS 113 
3 2 TSO.) Dito 114s (aed OSs HOLS 5 2 2 
3 ataies ess 137 Lost. 1 


From these results it is seen that a slightly greater amount of 
soluble nitrogen was formed in the presence of 15 per ct. of ether 
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than under either of the other two conditions. From this it 
might be inferred that 15 per ct. of ether was more favorable to 
enzyme action than 3 per ct. chloroform, but the results of the 
bacteriological analyses give some reason for believing that 
there had taken place a growth of bacteria. There had probably 
been a corresponding increase in the amount of bacterial enzyme. 
This is rendered more likely by the fact that the bacteria in this 
case were almost entirely of a single kind, which showed ability 
to grow in the presence of ether, formed spores quickly in almost 
every cell and elaborated enzyme with great freedom. 

This experience has made us slow to accept as trustworthy 
any results obtained with the use of ether, when the conditions 
are not constantly controlled by quantitative examination of the 
bacterial content. 


COMPARISON OF EFFECTS OF CHLOROFORM AND FORMALIN UPON 
ACTIVITY OF ENZYMES. 


Jensen! in a suggestive article on the enzymes of cheese ripen- 
ing has called attention to the use of 0.1 per ct. of formalin in 
studying their activity. Babcock and Russell!’ have stated that 
comparatively small amounts of this substance completely 
inhibit enzyme activity. The use of even the amounts recom- 
mended by Jensen is to be looked upon with suspicion until the 
influence of formalin upon enzyme action is more fully 
investigated. 

In order to facilitate comparisons at some future time, we give 
the results of parallel examinations of four samples of milk con- 
taining respectively 4 per ct. of chloroform and 0.1 per ct. of 
formalin by volume. Unfortunately the strength of formalin 
was not redetermined but it was the 40 per ct. article of 
commerce, 

The milk in this case was obtained from the four quarters of a 
single cow at one milking. The flank and udder were brushed 
and moistened. The hands of the milker were smeared with 
vaselin and the milk was caught in four-inch glass funnels lead- 


“Jensen. See No. 9. 
“Babcock and Russell. Anm Rept. Wis. Exp. Sta. 15:77 (1898). 
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ing into glass bottles, all of which had been carefully steamed. 
The milk was taken at once to the laboratory and placed under 
the influence of chloroform and formalin at 99° F. (87° C.). 


TABLE LV.—COMPARISON OF EFFECTS OF FORMALIN AND CHLOROFORM UPON 
ACTIVITY OF ENZYMES. 
MILK DRAWN oct. 10. 
In 100 lbs. total nitrogen. 


NM 









































Germicide used. Nitrogen in 
aes he en em Total albumoses Number of 
Foimalin Chloroform, soluble and Nitrogenin germs per 
V.1 per ct. 4 per ct. Age. nitrogen, peptones. amides. Cc: 
Days. Lbs. Lbs. Lbs. 

Fresh 87 
I @eoeeeseene 14 oso 20.47 10,03 A 
II 14 53.09 23.84 29.25 51 
I ASAE AS 42 50.26 28.19 22.06 0 
II 42 64.22 24.57 39.65 38 
I aah ih leo: am (yi 59.18 $5187 |. Saul 1 
ai tL (O-a¥6 33 .63 388 . 94 5 
I ‘bts, tei, 6 Riae 152 69.94 4p ie 47.82 * 
II 152 67.62 43.58 24.04 20 
Fresh 6 
if Ay a RE 14. 3 ped Laas uy 8.47 0 
1V 14 35.46 vA bee od 13.49 9 
II meer ait wrk wieve'e 42 2301 IS2Tp 9.28 6 
IV 42 36.56 21.36 15.20 4 
III Sine a/ardia i (KS 24 .32 16.67 7.65 0 
IV rug 42.96 27.78 15.18 1 
{II praise seve or4 152 24.67 17.70 6.97 1 
lV 152 43.59 31.40 12/19 2 
Fresh ae 
Vv oes eens 14 37.42 20.98 16.44 0 
VI 14 49.83 20.65 24.20 3 
V wycey o6.8 42 42.89 24.96 17.938 3 
VI 42 63 .58 27.36 36.22 18 
V ®@eeeesee2se@ 17 53.50 31.995 2T oD Ds 
VI 7 68.50 31.12 37.38 1 
V Bid kiak Be ste 152 48.79 27.96 20.74 0 
VI 152 63.89 386.10 20.49 0 





* Bacteria present in large numbers. 


Notre.—I and II, front right quarter; III and IV, front left; V and VI, back right: VII and 
VIII, back left. 
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TABLE LV.— Continued. 


In 100 lbs. total nitrogen. 

















lars ae eee 
Germicide used. Nitrogen in 
Pe ak ee eee Total albumoses Number of 
Formalin Chloroform ; soluble and Nitrogen in germs per 
0.1 per ct. 4 per cent, Age. nitrogen. peptones, amides. cee. 
Days. Lbs. Lbs. Lbs. 
Fresh aa — a 138 
VII el Giants tains Ve 14 32.41 19.638 12.78 3 
VIII 14 00.67 29.42 Aigo 3 
VII Pa Sg oat 42 40.12 27.47 L2265 2 
Vor 42 Dt.29 29 12 Pa ees | 1 
VII @eecceeceoes rir} AT 00 29.40 17.60 0 
VIII 17 64.3 39.88 24.50 0 
VII a hake Saw tela de 152 49.91 34.37 15.54 0 
VIIl 152 62.48 39.75 23.73 3 


From the above results we see that the number of bacteria in 
all the bottles remained very low. In all cases the decompo- 
sition has gone on more slowly in the presence of formalin than 
with chloroform, as is clearly shown by the following tabulated 
Summary of results. 


TABLE 1V A.—AVERAGE OF FOUR QUARTERS, 


Total soluble nitrogen. 





Age, With formatin. ‘owich ahisrateeies 
Days. Per ct. Per ct. 

14 32.15 47.26 

42 39.07 55.39 

co 46.00 62.10 
152 45.62 60.63 


In the article by Jensen previously referred to, he notes the 
same relation in the action of these two substances and he is 
inclined to hold the view that 0.1 per ct. formalin completely 
inhibits the action of galactase but allows bacterial enzymes 
to work. If this view is correct, we must consider that over 70 
per ct. of the decomposition here produced in the presence of 
chloroform is caused by enzymes other than galactase. 

It seems hardly possible that sufficient bacterial enzyme could 
have been formed in the cases of No. III to account for the 
changes observed in the presence of formalin. The milk in this 
quarter of the udder was unusually free from bacteria, having 


New York AGRICULTURAL EXPERIMENT STATION. 1838 


been caught under most favorable conditions and placed under 
the influence of formalin within a few minutes. 


CONNECTION BETWEEN BACTERIA IN THE UDDER AND ENZYMES IN THE 
MILK. 


Previous investigators have noted that there is considerable 
difference in the rate of change caused by enzymes in different 
samples of freshly drawn milk. These differences have been 
attributed to variations in the enzyme-forming activity of the 
milk glands, but we have been led to look for another explana- 
tion of these irregularities. The production of enyzmes on the 
part of certain classes of bacteria is well known, but the 
bacterial formation of enzymes in the udder, able to perform 
work in cheese ripening, is a possibility which has not been 
seriously considered. 

The work of Ward” has called attention to the fact that in 
many cases the interior of the udder is inhabited by certain 
microdrganisms which find the conditions favorable to their 
continued aevelopment. In working with certain Station cows 
we have found that in some cases large numbers of germs were 
present in the milk last drawn. This condition existed when- 
ever examinations were made during a period of some months. 

By comparing the germ content of the whole mess of milk, 
after rejecting the milk first drawn, with the germ content of the 
milk last drawn, or strippings, it is often found that the number 
present in the whole mess exceeds that in the strippings by an 
amount hardly larger than would be expected as a result of 
unavoidable contamination during milking. 

This is shown in the following table which gives the number 
of bacteria found per cubic centimeter in the whole mess and in 
the strippings from each quarter of a single cow at three 
successive milkings. In all cases the first few streams from 
each quarter were rejected. : 


Babcock and Russell. See No. 10. 
* ®Ward. Bul. No. 178 Cornell Exp. Sta. (1900). 
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TABLE V.—NUMBER OF BACTERIA PER CUBIC CENTIMETER IN WHOLE-MILK 
AND STRIPPINGS. 








Front left Front right Back left Back right 
quarter. quarter. quarter. quarter. 
DaTR. (gee as ee ee (eres ee ’ eneanRanEn atti te? to 
Whole- Strip- Whole- Strip- Whole- Strip- Whole- Strip- 
milk. pings. milk. pings. milk, pings. milk. pings. 


June 11, p. m.... 53 26 56 140 Lia 401 716 
June 12,a.m.... 646 244 216 429 449 493 629 1870 
June 12, p.m.... 88 ae 356 305 96 105 789 975 





These data strongly support the idea that the interior of the 
udder in such cases is seeded with these organisms, which are 
generally yellow cocci, capable of liquefying gelatin. 

Most striking are thase cases in which the interior of certain 
quarters of the udder is highly contaminated with certain organ- 
isms for long periods, while, at the same time, one or more 
quarters of the udder in the same animal may remain compara- 
tively free from germ life. In the case of the cow used in 
collecting the data shown in the above table, examinations of 
the strippings were made extending over four months. Samples 
were collected by catching one of the last streams from each 
quarter in a sterile test tube, except in a few cases in which 
they were drawn with a sterile milking tube. The samples were 
taken at once to the laboratory and plates prepared containing 
1 ce. and 0.5 ce. of the milk. The results are shown in the 
following table: 


TABLE V A.—NUMBER OF BACTERIA PER CUBIC CENTIMETER IN THE 
STRIPPINGS OF Cow No. 8. 





Front Front Back Back 

DATE. left right left right 
quarter. Quarter. quarter. quarter, 
IAG), Dice's ie vidas Vide ele Sumatera ORs 22 296 372 
J NEA, 1.5 wwe oo Pinel &h 6,8 eldinis ete aicisis oe fe 26 56 173 716 
OUST Oe Ay spies seine 6 oui hie eb emie see le ais 244 429 493 1870 
dune 12 pli we iwk. SatTe state aheknts Gk micte es yp BR aL 1 105 975 
SREY 4 Ue tg a wus dats EEN Coe cee eK cee 22 48 2106 488 
ME ALL Wie Leds eiathes Yara ib iRia' brie a wie in nets estas 36 ays) 280 868 
DULG PA ie ieee bet tees yk bee Re sul ee emt a . vid Wa 10 388 628 
BOD. Tuiwebe's pie phig Greve. cedure widtd' ws Siu wit 391 38684 631 656 
RIOTIC yous tee pistes bist ote eo eleee vite w xipaies ale A 132 450 356 9967 
DIGS 1D. sd views wire vs grab a chy Shere Nie a iretes ae 6 87 138 232 


This table shows that in general the strippings from the back 
right quarter had a germ content of 500 to 800 per cubic centi- 
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meter; the back left quarter had slightly less; the front Icft 
quarter had often less than 100 per cubic centimeter, and the 
front right quarter but little more. 

Making allowance for the work done by galactase, the milk 
from different quarters of the udder of the above mentioned cow 
should show different rates of chemical change proportional to 
the number of germs present in the respective quarters of the 
udder, if these changes are to be associated with contamination 
within the udder. 

The results already given in Table IV, under chloroform, 
relate to this point. The quarters of the udder are there 
designated as follows: II, front right; IV, front left; VI, back 
right; VIII, back left. The second determination was made in 
the presence of 4 per ct. of chloroform. In order to obtain 
sufficient material for a large number of analyses, three sue: 
cessive messes of milk were collected and united. Care was 
taken to reject the fore-milk and keep out bacteria from other 
sources. The following table shows the results in this test up 
to 15 weeks: 


TABLE VY B.—SOLUBLE NITROGEN FORMED IN MILK FROM DIFFERENT 
QUARTERS OF UDDER. 


MILK DRAWN JUNE 11 AND 12. 


Soluble nitrogen in 100 lbs. total nitrogen. 
AGE OF MILK —————— 


WHEN ANALYZED. Front left Front right Back left Back right gy 
quarter. quarter. quarter, quarter, 
Days. Lbs. Lbs. Lbs. Lbs, 
7 27.01 748 Pas 48 .23 46.66 
21 36.25 39.75 56.61 56.66 
35 36.65 40.60 59.37 57.54 
49 lost 40.48 60.68 59.63 
105 lost 55.31 Cls20 71.638 


The results given in Tables IV and Vp show in a general 
way that there is a relation between the numbers of bacteria 
present in the udder and the rapidity with which the milk pro: 
duced there undergoes self-digestion in the presence of chloro. 
form ov formalin. 

It may be held that the presence of these bacteria has merely 
stimulated the production of an extra amount of galactase, but 
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many of these bacteria are able to bring about the liquefaction 
ef gelatin, a fact which suggests that they have played a part in 
enzyme formation within the udder. However, it is impossible 
to assign even an approximate value to the work performed by 
bacteria within the udder in the production of their enzymes, 
until we understand the conditions which relate to the normal 
formation of galactase. | 


V. COMPARISON OF RIPENING PROCESS IN CHEESE 
MADE WITH CHLOROFORM AND IN NORMAL 
CHEESE. 

Previous attempts to study the part played by enzymes in 
cheese ripening have proceeded indirectly by a study of enzyme 
action in milk or have been carried out with cheese in a frag- 
mentary manner. In addition to the early work of Adametz, 
sabcock and Russell report that they have observed the changes 
that have taken place at the end of about a year in a cheese 
containing chloroform. They also added rennet to milk con- 
taining ether and determined the general changes taking 
place in the coagulum. Jensen” also reports the changes taking 
place in a cheese to which he had added trypsin and ether. How- 
ever, So far as we can learn, no cheese has, hitherto, been pre- 
pared under conditions essentially normal except for the 
presence of an anesthetic, and been kept for a long period com- 
pletely under the influence of that anesthetic, with systematic 
chemical and bacteriological examinations at frequent intervals. 


METHOD OF MANUFACTURE AND SAMPLING. 


The preparation of a chloroform cheese presents no extreme 
difficulties. Chloroform added directly to the milk tends to 
settle to the bottom but the stirring which accompanies the 
manufacture serves to keep it distributed without any consider- 
able loss from evaporation. The addition of rennet at 84 to 
88° F. (29 to 31° C.), cutting and heating to 98 to 100° F. (87 to 
88° C.), proceed in the usual way, except that both the curdling 


4aJensen, Vidskr. for Fysik. og Kemi, 2:02-114 (1897). 
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of the milk and the expulsion of whey take place more slowly 
than in normal cheese. The expulsion of the whey is especially 
prolonged because of the absence of.acid, and the moisture con- 
tent of the resulting cheese may be somewhat higher than in 
a first-class normal Cheddar. After the whey is drawn and the 
curd is fairly well drained, it is put to press with or without 
previous saiting. 

In making more than a dozen of these cheeses at different 
times, we have added to the milk from 2 to 5 per ct. of chloro- 
form by volume, and we find that the percentage of chloroform 
by weight in the resulting cheese mass is about three times the 
figure given for the milk. 

The cheese is kept continuously under pressure 18 to 24 hours, 
and is then transferred to a room with a temperature varying 
only one or two degrees from 60° F. (15.5° C.) and placed under 
a bell jar in an atmosphere of chloroform. The moisture of 
cheese under bell jars remains fairly uniform. 

After testing a number of receivers we have settled upon bell- 
jars, or carefully soldered cans which are inverted over the 
cheese, and fit into a groove in a heavy wooden base. The base 
is first boiled in paraffin to fill all the pores, and melted paraffin 
is used as a seal in fastening the cover into the grooves, thus 
reducing the loss of chloroform and moisture to insignificant 
amounts. 

At regular intervals the cover is moved and samples taken 
with a sterilized tryer for chemical and bacteriological analysis. 
The former includes a quantitative determination of the chloro- 
form present in the cheese. To replace the small amounts lost 
by leakage and evaporation, measured amounts of chloroform 
are added to a dish within the container at the time of each 
examination. 


DECOMPOSITION IN CHEESE UNDER CHLOROFORM COMPARED WITH 
THAT IN NORMAL CHEESE. 

In order to get an idea of the changes brought about by the 

combined influence of all the enzymes present at the time a 
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cheese is made, 3.5 lbs. of chloroform were added to 125 lbs. of 
night’s and morning’s milk having the degree of acidity suitable 
for Cheddar cheese-making. One-half ounce of Hansen’s 
liquid rennet was added at 88° F. (81° C.), and the cheese made 
as described above. One-half of the resulting curd, without 
salting, was pressed into form of a Young America cheese. On 
the third day it was found to centain 35 per ct. of water and 15 
per ct. of chloroform. 

As a basis for comparison there is also given the analysis ofa 
normal cheese ripened at the same temperature and haying 
originally about the same percentage of moisture. However, 
Since under normal conditions the moisture in a cheese rapidly 
decreases, while in the chloroform cheese this factor remains 
practically constant, there is also given the analysis of a 
chees* normal in every way except that it was coated with a 
layer of paraffin to lessen the loss of moisture. 


TABLE VI.—COMPARISON OF NORMAL CHEESES, CURED WITH AND WITHOUT 
PARAFFIN COVERING, WITH A CHEESE MADE AND CURED WITH 
CHLOROFORM. 

Total water-soluble nitrogen formed for 100 lbs. nitrogen in cheese. 


es 


CONDITIONS OF CURING. 2 weeks, 1 month. 2months. 6months. 12 months. 15 months. 
Cheese No. 381A, 

cured under nor- 

mal conditions. . 2150 18.50 20.10 83.70 37.30 38.66 
Cheese No. 31B, 

covered with 

Mee ITE Cae sie r es 12.50 19.30 25.40 37.80 40.90 44.14 
Cheese No. 304A, 

made and cured 

with chloroform 5.30 5.70 8.20 14.50 22.60 27.70 














In Tables VI, VII, VIII and IX, the figures given for total 
rater-soluble nitrogen represent the amount rendered soluble 
after the cheese was taken from the press. Samples of the 
green cheese fresh from the press were analyzed, and it was 
found that the amount of soluble nitrogen varied considerably 
in different cheeses. Therefore, for the sake of more accurate 
comparison, the amounts of water-soluble nitrogen found in the 
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green cheese have been deducted and so are not included in the 
figures presented in these tables. 

The data in Table VI show that at the end of one month the 
water-soluble nitrogen in the normal cheese was more than 
three times that contained in the chloroform cheese; gradually 
the difference decreased until at the end of 15 months the total 
decomposition in the case of the chloroform cheese amounted to 
27.7 per ct. of the total nitrogen, while in a normal cheese of the 
Same age the amount was 38.66 per ct. The enzymes present in 
this cheese were therefore able under favorable circumstances 
to accomplish about 72 per ct. as much decomposition of casein 
«us occurred in a normal cheese. That they accomplish this 
fraction of the work under ordinary conditions does not neces- 
sarily follow. These results show merely that the peculiar con- 
ditions of manufacture in the presence of chloroform were not 
such as to prevent the enzymes from rendering cheese-casein 
soluble. 


INFLUENCE OF SMALL AMOUNTS OF ACID ON ENZYME ACTION, 


In the ordinary process of manufacture there is a gradual: 
formation of acid within the mass through the action of becteria. 
In the preceding experiment acid was necessarily absent. To 
remedy this, another cheese was made like the preceding, except 
that lactic acid was added. 

As before, 3.5 lbs. of chloroform were added to 125 lbs. of 
night’s and morning’s milk, sufficiently acid for cheese-making, 
This was curdled by one-quarter ounce of Hansen’s liquid rennet 
added at 86° F. (80° C.). After cutting the curd and applying 
heat, pure lactic acid was added in small quantities at a time 
until the whole amounted to nearly .2 per ct. of the milk used. 
One-half of the resulting curd, unsaited, was pressed into a 
Young America cheese which, fresh from the press, contained 
52 per ct. of water and 15 per ct. of chloroform. 
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The results of the examinations are shown below: 


TABLE VII.—COMPARISON OF CHLOROFORM CHEESES MADE WITH AND 
WITHOUT LACTIC ACID. 


Total water-soluble nitrogen formed for 100 lbs. nitrogen in cheese. 

CONDITIONS OF MAKING -————-——— ee a eee 

AND CURING. 1 month, 2 months. 38months. 6months. 9months. 12 months. 
Cheese No. 304A, 
made and cured 

with chloroform. 5.70 8.20 11.60 14.50 19.50 22.60 
Cheese No. 32A, 
made and cured 
with chloroform 

and lactic acid. 5.70 9.40 14.00 20.60 23 .20 31.65 























It will be seen that in cheese 32A the amount of soluble nitro- 
gen is greater than in 30A after the first month and continues 
to become greater up to the end of 12 months, the age of 32: 
at its last analysis. This more rapid ripening in 32A took place 
in spite of the fact that only one-half as much rennet was used 
in 832A as in 380A. Acid appears to favor enzyme action. 


INFLUENCE OF SALT UPON ENZYME ACTION, 


In the two preceding experiments it has been noted that 
one-half the curd was pressed withcut salting and the results 
previously given represent the changes taking place in unsalted 
cheese. However in the manufacture of Cheddar cheese, salt is 
never omitted and, in order to make the comparison between 
the chloroform cheese and normal cheese complete, the addition 
of salt is required. 

In each of the two experiments, one-half of the curd was 
salted just before putting to press, the first receiving 2 ounces 
and the second 23 ounces. In each case the percentage of chlo- 
roform and water was essentially the same as in the correspond- 
ing unsalted portion. The results of analysis are shown in the 
following table. To facilitate comparison, the results from the 
unsalted portions are also repeated. 
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TABLE VIII.—COMPARISON OF CHEESES MADE AND CURED WITH CHLORO- 
FORM, SALTED AND UNSALTED. 


Total water-soluble nitrogen ee for 100 Ibs. nitrogen in pene” 


CONDITIONS OF CURING, oF mo. 2mos. 3 mos, leas 9 mos, 122mos. 15 mos, 
(1) Without lactic acid: 
Cheese No. 30A, made 
and cured with chloro- 


form—not salted...... 5.70 8.20 11.60 14.50 19.50 22.60 27.70 
Cheese No. 30B, same 
as 30A, but salted..... 2.25 8.20 5.50 7.80 11.60 17.20 24.00 


(2) With lactic acid: 
Cheese No. 32A, made 
and cured with chloro- 


form and lactic acid— 
not salted..... ts mae 5.70 9.40 14.00 20.60 28.20 31.65 


Cheese No. 32B, same 

as.32A, but salted.... 3.00 4.90 6.70 9.75 12.45 19.65 

From the results here given it is seen that salt in the propor- 
tion usually present in cheese exerts a strong repressing influ- 
ence upon the activity of the enzymes present. On comparing 
this effect of salt in the case of the cheese containing added acid 
with the cheese in which acid was omitted, it is seen that acid 
favored enzyme action here also as well as in unsalted cheese. 

The results of our work up to this time appear to show, (1) that 
the use of chloroform excludes bacterial action in milk and 
cheese and limits the work of ripening to those enzymes con- 
tained in milk when made into cheese; (2) that the presence of 
salt noticeably decreases the effect of such enzymes; (38) that 
the presence of two-tenths of one per ct. of lactic acid increases 
the ripening action, at least of rennet enzymes; (4) that the 
percentage of cheese-casein made soluble by the enzymes under 
consideration in nine months (which may be regarded as the 
extreme limit of the commercial life of Cheddar cheese, kept 
under usual conditions) is about 12 per ct., or one-third the 
amount of soluble nitrogen found in normal cheese; and (5) that 
the amount of ripening caused by enzymes present in the milk 
when made into cheese is apparently more limited than was 
previously supposed. 

We may say that the limited part apparently taken by such 
enzymes in ripening cheese is a result we did not anticipate when 
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undertaking the work. We have additional experimental work 
under way for the purpose of testing these results more rigidly. 


DIFFERENCE IN CHARACTER OF CHEMICAL CHANGES IN NORMAL AND 
IN CHLOROFORM CHEESE. 


An examination of the detailed data secured with normal and 
with chloroform cheese shows clearly a marked difference in the 
character of the changes taking place in the soluble nitrogen- 
compounds. This difference is seen if we study the amounts of 
albumoses and peptones in relation to amides, and also the 
relative amounts of ammonia found. 

The following tabulated comparison in case of cheese 34C and 
84B, which were made with and without chloroform from differ- 
ent portions of the same milk, illustrate the points in question. 


TABLE IX.—SHOWING DIFFERENCE IN CHARACTER OF CHEMICAL CHANGES 
IN NORMAL AND IN CHLOROFORM CHEESE, 


N, in 

albu- 

moses 

and pep- N. in Ratioo fN. in 
CHARACTER OF CHEESE, Age. tones. amides. (1) to (2). ammontfa 
Months. (1) (2) 

Cheese 34C—normal......ccoees 1 2.00 5.42 1:1.80 .86 
Cheese 34B—chloroform..... Se Purity! | oid 0.86 1:0-.23 0 
Normal cheese *:.0s ots va bev cttae “ALIS 2 61 8.49 1:3.40.. 1.29 
Whloroform cheese .u.e0s sees see, EO TsoL 1.82 10225 0 
MOPrmAl CNEGSET.. «sions she oe vowels tue sds tify 1 GO 1:22.40 3 42.08 
WHlOTOrorm CHEESE”. wee eeecesee OH 70.20 3.22 1:0.31 0 
Normal cheese .......0. ob sate. wine ole FOr 4.97 18.50 1:33..70.. ae 
Chiorgforni cheese *.),. 6.66555 ee 0 54% £12.40 4.73 1:0.39 0 
Normal cheese ....... ayaa iy eae Pe | 3.08 20.10 1:6.50 4.42 
Chloroform cheese ........... pat i 10.90 Simi 1:0.74 0 
Normal cheese ,..... Dik d ace’ bein a oie Lae 2 Oe 23 oO 1:8.70.. 4.8F 
UilGrolLorni Cheese’ os suisse ves cela AvsOseieL COU 1:0.93 0 


Stated in a general way, these results show (1) that, in cheese 
made and cured with chloroform, the amount of albumoses and 
peptones is largely in excess of the amount of amides; (2) that 
the reverse is true in normal cheese; and (3) that ammonia 
appears in normal cheese much eariier and in larger quantities 
than in chloroform cheese. 
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Making a detailed comparison, we note the following points: 

(1) In the normal cheese at the age of one month, the amount 
of amides was 1.8 lbs. for each pound of albumoses and pep- 
tones. This ratio increased until at nine months it was 8.7, 
nearly five times as great as at the end of one month. 

(2) In the chloroform cheese, the amount of amides was not 
quite one-fourth of the amount of albumoses and pe tones at the 
age of one month. The*relative amount slowly increased, until 
at the end of nine months the amount of amides was nearly 
equal to that of albumoses and peptones. 

(8) In chloroform cheese, no ammonia had appeared at the 
end of nine months; in the normal cheese, nearly one per ct. of 
the total nitrogen was present as ammonia at the end of one 
month and this amount steadily increased. 

From these results it is seen that, in a normal cheese, the 
amides steadily increase, while the albumoses and peptones 
increase for some months and then decrease. In a chloroform 
cheese, the different classes of compounds under discussion all 
increase continuously from the beginning for many months. 

In normal cheese, traces of ammonia appear at an early stage 
of ripening, while, in chlorofcrm cheese, the first traces usually 
appear only after the lapse of six months or more, and the in- 
crease is very slow, so that even after a year only minute 
amounts are present. 

For these data it appears that there is some agent at work in 
normal cheese which is not active in cheese made with chloro- 
form. Just what this additional factor is our present data do 
not explain, but our efforts are being directed to the task of 
identifying this agent. 

13 


CONDITIONS AFFECTING WEIGHT. LOST BY 
CHEESE IN CURING.* 


e 


Le L. VAN SLYKE. 


SUMMARY. 


I. The loss of weight by cheese in curing has not received 
systematic study in America under carefully controlled 
conditions. 

IT, Equipment for investigation.—Six curing-rooms have been so 
built and equipped as to keep temperature and moisture under 
control. Each room is kept at a fixed temperature, and the 
different degrees represented in the work are the following: 
55°, 60°, 65°, 70°, 75°, 80° F. The temperature varies only one 
or two degrees from the desired point, and then only for brief 
periods. The moisture is kept mostly between 70 and 80 per ct. 
of saturation. The method is given for determining proportion 
of moisture in air, with necessary tables. 

ITI, Conditions affecting loss of weight im cheese-curing.—The 
weight lost by cheese in curing is due almost entirely to evapora- 
tion of moisture from cheese, except at temperatures above 
T0° I’., when there may be some added loss due to leakage of fat. 
The rapidity and extent of loss per 100 pounds of cheese vary 
with the following conditions: (1) The percentage of moisture 
originally present in the cheese. The more moist the cheese, 
the greater and more rapid is the loss of weight. (2) The 
texture of cheese. The more open the texture, the greater the 
loss of moisture. (8) Temperature. Loss of weight increases 
with increase of temperature. (4) Size and shape of cheese, 





*A reprint of Bulletin No. 207, 
194 
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Loss of weight increases, when the size of cheese decreases. 
Increase of height or diameter of cheese decreases loss of 
weight. (5) Proportion of water-vapor in air. The greater the 
moisture in the air of the curing-room, the smaller is the loss of 
weight of cheese. 

IV. Some practical applications—(1) Value of water in cheese 
to dairymen. Water, put in cheese in right proportions and kept 
there, is money to the dairyman, increasing amount of cheese to 
be soid. (2) Moisture in cheese in relation to quality. Exces- 
sive loss of moisture in curing seriously injures commercial 
quality of cheese. (8) What percentage of moisture should 
cheese have? When consumed, cheese should have not less than 
38 per ct. moisture. If cured at low temperatures, larger 
amounts can be held to advantage of quality. (4) Value of 
water in cheese to consumers. Cheese with fairly large amount 
of moisture, cured at proper temperature, is more palatable to 
most consumers. Less rind is thrown away. (5) Variation of 
loss of moisture with size of cheese. As small cheese loses 
moisture more rapidly than larger cheese, greater pains must be 
taken with small cheese to prevent excessive loss of moisture. 
(6) Loss of moisture and loss of fat. To avoid loss of fat by 
leakage and excessive loss of moisture, cheese should not be 
kept above 70° F. for any length of time. 

V. Prevention of loss of moisture in curing cheese—Three systems 
have been proposed: (1) Immediate sale and removal of newly- 
made cheese. In this case the buyer assumes responsibility of 
curing in cold-storage and secures all the benefits. (2) Central 
curing-rooms, located so as to care for product of several factor- 
ies and equipped with complete facilities for controlling temper- 
ature and moisture. This system has greater promise than 
any other. (3) Special curing-rooms in each factory are desir- 
able when central curing-rooms cannot be had. Details are 
given, taken mainly from Bulletin No. 70 of the Wisconsin Agri- 
cultural Experiment Station, describing construction of curing- 
rooms and various kinds of sub-earth ducts. 


196 Reporr oF THE CueMIoGAL DEPARTMENT OF THE 


I. INTRODUCTION. 


It is well known among cheesemakers that cheese begins to 
lose weight immediately from the time it is taken from the press 
and placed upon the shelves of the curing-room; this loss con- 
tinues indefinitely. While there has been some study in Europe 
relating to the conditions and extent of loss of weight in cheese- 
curing, the results thus obtained are not generally applicable 
to the conditions prevailing in this country. Some study of this 
question has been made in America, but it has been rather 
desultory in character, lacking in systematic plan and thorough- 
ness, and under circumstances not permitting careful control 
of conditions. 


II. EQUIPMENT FOR INVESTIGATION. 
CURING-ROOMS. 


For the past three years at this Station we have been making 
a systematic study of the various conditions that affect loss of 
weight in cheese during the progress of curing. The special 
equipment in the way of cheese-curing rooms has given us 
unusual opportunities to carry on such study under well con- 
trolled conditions. We havea block of six distinct curing-rooms, 
separated from the outer walls of the building by a passage 
four feet wide. The rooms are farther insulated by double 
walls and air spaces on every side of each room. These roonis 
are 9 by 10 feet and about 8 feet high, and the wall space on 
three sides is provided with shelves 12 inches apart. 


CONTROL OF TEMPERATURE. 


The temperature and moisture in each room can be controlled 
independently of the other rooms. It is possible to obtain a 
range of temperature varying from 40 to 90 degrees Fahrenheit 
in every room. Each room is provided with a hot-air flue from 
below and a cold-air flue above, leading from the chamber in the 
attic, which contains ammonia expansion coils and brine tanks. 
These two flues, one for cold and one for hot air, are closed by 
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dampers, and these dampers are operated by means of com- 
pressed air tubes controlled by metallic thermostats. There is 
also a ventilating flue in the ceiling of each room. The 
thermostat is fixed so as to register some definite temperature 
in each room. For example, in one room the thermostat is sct 
at 70° F. When the temperature falls one degree below 70° F’.., 
the thermostat is affected in such a manner that a valve is 
turned and this causes compressed air to close the cold-air 
damper in the ceiling and to open the hot-air damper in the 
floor, thus restoring the temperature to 70° F. On the other 
hand, when the temperature rises to 71° F., the cold-air flue in 
the ceiling is opened and the hot-air flue is closed, when the 
temperature soon begins to drop. Thus we have an alternate 
admission and exclusion of hot air and cold air, causing the 
temperature to rise a little above or fall slightly below the 
given point at which it is desired to hold the temperature of 
the room. So delicate is the operation of this system that 
merely breathing upon the thermostat will open the cold-air flue, 
while fanning the thermostat will open the hot-air damper. We 
are able, therefore, by this system to hold temperature within 
a very limited range. Under most favorable conditions, the 
limit of variation is only two degrees. Even with a much wider 
temporary variation the temperature of the interior of a cheese 
would not be affected to the extent of more than a small fraction 
of a degree, as we have shown by placing a thermometer inside 
a cheese and keeping it there under observation for several 
weeks. 
CONTROL OF MOISTURB, 

It is more difficult to control moisture than temperature, so 
as to hold it within narrow limits. The most practicable and 
efficient method we have found adapted to our conditions is to 
make use of yard-wide pieces of coarse felt, having a strong 
capillary power. One end of the felt dips in a trough of water 
situated near the top of the room and the lower end drops into 
a trough placed on the floor. The water is sucked in by the 
felt at the upper end and gradually distributes itself throughout 
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the whole piece, the excess of water dripping into the lower 
trough. It is necessary occasionally to boil these pieces of felt 
cloth in water slightly acidulated with some acid, like acetic or 
hydrochloric, in order to remove mineral salts that accumulate 
and interfere with capillary action. The use of distilled or rain 
water would obviate this difficulty. Thus far we have kept the 
moisture as nearly as possible at 75 per ct. of saturation, though 
variations of 5 per ct. below and 10 per ct. above may occur at 
times. The natural tendency is toward a higher percentage of 
relative moisture at lower temperatures. 


METHOD OF DETERMINING MOISTURE IN AIR. 


The relative amount of moisture in air can be determined by 
means of an instrument known as a hygrometer, of which there 
are several forms. One form indicates the percentage of mois- 
ture directly by means of a needle or hand; this is the most 
convenient kind of hygrometer, and is probably sufficiently 
accurate for ordinary purposes. A more accurate instrument 
consists of two sensitive, standard thermometers. The bulb of 
one is exposed to the air directly, like any thermometer, and is 
known as the dry-bulb or dry thermometer, while the other has 
its bulb wrapped in a piece of muslin to hold water, and is 
known as the wet-bulb or wet thermometer. The wet ther- 
mometer should be fixed in a frame that enables one to whirl 
it easily. The form of hygrometer used by us is made by Julian 
P. Friez, Baltimore, Md. The dry thermometer indicates the 
temperature of the air in the room. The wet thermometer, 
properly used, indicates a lower temperature than does the dry 
thermometer, because the water in the muslin bound about the 
bulb evaporates and the evaporation is accompanied by a lower- 
ing of the temperature immediately around the bulb. The less 
moisture there is in the air, the more rapidly does evaporation 
take place and the lower is the temperature indicated by the 
wet thermometer. The greater the moisture in the air, the less 
rapid is the evaporation and the smaller the difference between 
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the temperature indicated by the dry and wet thermometers. 
When the two thermometers indicate the same temperature, 
then there is no evaporation taking place from the bulb of the 
wet thermometer, because the air is saturated with moisture, 
that is, holds as water-vapor all it can at that temperature. If 
the moisture is increased beyond this point or if the tempera- 
ture is lowered, some of the water-vapor will be condensed into 
visible drops of water. 

In order to use a hygrometer for the purpose of ascertaining 
the proportion of moisture in air, we note first the temperature 
indicated by the dry thermometer. ‘Then we dip in water the 
bulb (wrapped in muslin) of the wet thermometer, whirl it 
vigorously for one or two minutes, and then quickly read the 
temperature. The whirling is for the purpose of quickly causing 
evaporation. It is well to repeat the whirling two or three 
times, noting the temperature of the wet thermometer after 
each whirling. The different temperature readings should agree 
if the whirling operation is equally thorough each time. Pains 
must be taken to keep the muslin about the bulb moist during 
the different whirlings. After getting the temperatures of the 
two thermometers, we subtract the number indicating the 
temperature of the wet thermometer from the number showing 
the temperature of the dry thermometer. Then we turn to pre- 
pared tables of figures and find the column of figures, at the top 
of which is the difference obtained by the foregoing subtraction. 
If the exact figure is not there we take the one nearest it. 
We then follow down this column until the figure is found 
opposite the number in the left hand column which is the same 
as the temperature indicated by the dry thermometer. The 
number thus found indicates the relative amount of moisture in 
the air, or percentage of saturation; that is, how much moisture ° 
the air actually holds compared with what it could hold at that 
temperature if saturated. 

The preceding statements can be better understood by use of 
a specific illustration. Suppose we find by actual trial that the 
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readings of the two thermometers of our hygrometer are as 





follows: 
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We turn to the tables given at the end of this bulletin (taken 
from Weather Bulletin No. 127, U. 8S. Dept. Agr.) and look 
in the upper horizontal row for the number 5. Having found 
this, we follow down the column until we come opposite the 
number indicated by the dry thermometer (70) in the vertical 
column at the extreme left. This brings us to the figure 77, 
which indicates the relative amount of moisture in the air; in 
other words, the air contains 77 per ct. as much moisture as it 
can hold at 70° F. 


III. CONDITIONS AFFECTING LOSS OF WEIGHT IN 
CHEESE-CURING. | 


The loss of weight in cheese during the process of curing under 
proper conditions may be regarded for practical purposes as 
being due entirely to the evaporation of water from the cheese. 
Of course, the mechanical loss of fat by exudation from cheese 
kept at high temperatures must be considered, but with proper 
control of temperature such loss will not take place. The small 
amount of loss due to the formation and escape of carbon 
dioxide and other gases from cheese can be neglected for the 
purpose we now have in view. 

The rapidity and extent of loss of moisture in cheese during 
the process of curing vary with several conditions, chief of 
which are the following: 


(1) The percentage of moisture originally present in the 
cheese. 

(2) The texture of the cheese. 

(3) The temperature of the curing-room. 

(4) The size and shape of the cheese. 

(5) The proportion of water-vapor present in the air of the 


curing-room, 
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LOSS OF MOISTURE AS INFLUENCED BY THE PERCENTAGE OF WATER 
PRESENT IN GREEN CHEESE. 


In presenting the results of our study under this division of 
our subject, we will first make use of some extreme cases, in 
which the percentage of water in the cheese varied from 55 to 
385. In the following table we give the percentage of water 
originally present in the cheese fresh from press and the 
amount of water lost per 100 pounds of cheese for each of four 
weeks, the conditions of temperature and moisture of air being 
the same for the different cheeses. 


TABLE I.—LoOss OF MOISTURE IN CHEESES CONTAINING DIFFERENT PER- 
CENTAGES OF WATER. 





Water lost by 100 lbs. of green cheese. 
re ec ne 











WATER IN 100 LBs, § ————-——______-——— —_— 
GREEN CHEESE, In 1 week. In 2 weeks. In 3 weeks. In 4 weeks. 
Lbs. Lbs. Lbs. Lbs. Lbs. 
55 9.0 11.2 12.3 16.8 
50 5.5 9.2 11 O 12.9 
45 4.5 6.3 8.0 9.5 
35 3.3 4.2 4.9 5.7 


An examination of these figures suggests the following 
statements: 

(1) There is a marked general tendency for very moist cheese 
to lose water more rapidly than cheese having less moisture, 
other conditions being uniform. Thus, the cheese containing 55 
per ct. of moisture lost nearly three times as much moisture by 
evaporation each week as did the cheese containing 35 per ct. 
of water, and nearly twice as much as the cheese containing 45 
per ct. of moisture. 

(2) At the end of four weeks, the cheese containing 55 per ct. 
of moisture had lost about one-third of its water; the one with 
50 per ct. had lost one-fourth; the one containing 45 per ct., one- 
fifth; and the one with 35 per ct., one-sixth. It is thus seen 
that the more moist the cheese the greater is the proportion of 
its water lost by evaporation; and, hence, the moisture in the 
different cheeses tends to become more nearly alike. However, 
they would not all reach the same condition of moisture-content, 
except under very unusual conditions. 
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The results presented in such extreme cases are full of inter- 
est, but do not have practical application to conditions com- 
monly present in cheese making. There is, however, a practical 
question in this connection to be considered later. 

We will consider one more illustration, in which the varia- 
tions of moisture in the green cheeses are within narrow limits 
and essentially similar to cases occurring in factory work. The 
data in the following figures represent averages obtained with 
four different lots of cheese. The cheeses weighed about 30 Ibs. 
each. 


Waters ina L000. Ibs: iia ALF 838.7 37.6 35.4 


cheese, Ibs. 


Water lost by 100 Ibs. cheese 5.3 4.6 rer 4.9 
in 6 weeks, Ibs. 


These data show that the loss of moisture increases as the 
amount of water in the green cheese increases, even though the 
amount of moisture in the green cheese varies within compar- 
atively narrow limits. Variation in other conditions may, of 


course, interfere with this general tendency. 


LOSS OF MOISTURE AS INFLUENCED BY TEXTURE OF CHEESE. 


Cheese filled with holes will occupy more volume than the 
same weight of cheese free from holes. Hence, cheese with such 
faulty texture has a larger surface exposed for evaporation 
relative to its weight and will lose more moisture. Then, in 
addition, the presence of numerous holes in cheese greatly facili- 
tates the escape of moisture from the interior of the cheese to 
the surface. This is a partial explanation of the fact that 
cheese high in moisture loses water more rapidly than cheese 
containing less moisture. It is well known that cheese contain- 
ing high percentages of water usually develops holes abun- 
dantly, especially when cured at or above ordinary temperatures, 


LOSS OF MOISTURE AS INFLUENCED BY TEMPHPRATURE. 


In our study of the influence of temperature upon loss of 
moisture we used six different temperatures, viz.: 55°, 60°, 65°, 
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70°, 75°, 80° F. In one case a temperature of about 32° F. was 
employed. The degree of moisture was kept as nearly uniform 
as possible in the different curing-rooms. 

In this connection we will present the results secured with 
cheeses 15 inches in diameter, and weighing, fresh from press, 
about 65 Ibs., the usual standard size of the most common type 
of American Cheddar cheese. Work with the cheeses at 75° 
and 80° F. was discontinued after 16 weeks. The number of 
cheeses of this size available for our work has not been suffi- 
cient to cover the ground as fully as is desirable. 


TABLE II.—Loss OF MOISTURE AT DIFFERENT TEMPERATURES. 











TEMP. Water lost by 100 lbs. of green cheese in 

Si ee eee eee oper win cig | baie 24.8 

Room. week. weeks. weeks. weeks. weeks. weeks. weeks. weeks. weeks. weeks. 

Deg. F. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
5d elie Lacs = tbs each. C 5.2 Gk 6.8 a 8.1 8.6 
OY By 9) elie A Oe SS, 5.5 6.5 7.5 8.5 9.3 9.9 
65 1G 4s SEO 7B Gor 4d 5.8 7.0 S22 Oil glOeie wed Ono 
70 et ts bey an bra, C4hO 6.0 (pee DEOe PLO Gh. 71 Sneeze 
75 A) Re ae PN A eg | TZ 9.7 11.4 — — — 
SO Set PUSSOR 405 45.2 8.3 11.6 1.5 — -— — 


Attention is called to the following points: 

(1) At 55° FE. the total loss of moisture is less than it is at the 
higher temperatures. This is true at the end of the first week 
and continues so through all the weeks following. 

(2) The loss of weight increases in a marked degree with 
increase of temperature. During the first four weeks the loss 
of weight increased about three ounces for each increase of five 
degrees of temperature between the limits of 55° and 70° F. 
From 70° to 75° F., the increase was six and one-half ounces, 
and from 75° to 80° F., the increase was eight ounces for each 
5° F. additional. As between 55° and 80° F. the loss increased 
on an average one ounce per 100 Ibs. of cheese for each addi- 
tional degree Fahr. At the end of two months, comparing 55° 
and 80° F. the loss increased two ounces per 100 Ibs. of cheese 
for each degree; and at the end of three months, three and one- 
half ounces, 


204 REPCRT OF THE CHEMICAL DEPARTMENT OF THE 


(3) The average weekly loss of weight or rate of loss increases 
with increase of temperature. This statement can be more 
clearly understood by means of the subjoined table, which has 
been prepared from the data given in Table II. 


TABLE III.—AVERAGE WEEKLY LOSS AT DIFFERENT TEMPERATURES. 


TEMP. Average loss per week. Water lost by 10) lbs, of green cheese. Lbs. to- 
Gonind deh Ba Pea deny Ba Ba god EB ERO 
Room. week. week. week. week. month. month. month. month. month. months. 
Deg. F. Ozs. Ozs. Ozs. Ozs. Ozs. Ozs. Ozs. Ozs. Ozs. Lbs. 
559 125206- 716:00000,6 2488.0 6.0 3.6 2.8 2.8 2.4 8.1 
GO ae Se. Lista. th osc 6.4 4.0 4.0 4.0 3.2 9.3 
65° 30.4 17.6 9.6 8.0 6.8 4.8 4.8 4.0 3:0. ele 
IV eee NO a One OLo 6.8 4.8 4.8 4.4 4.0 11.1 
10 esotes, Lhe AU. eee Oso ee LOT. Se) 0 6.8 o— — — 
80 388.4 20.8 12.8 10.2 12.4 13.2 15.6 —— — — 


An examination of this table shows the smallest weekly loss 
at 55° F. in every case and a clear tendency for the loss to 
increase with increase of temperature. 

(4) It is noticeable that the loss is greater the first week than 
during any other week. At 55° and 60° F. the loss the first 
week is equal to the combined losses of the second and third 
weeks. At the higher temperatures the loss during the first 
week is nearly equal to the combined losses of the second, third 
and fourth weeks. 

(5) The weekly loss decreases continuously as the cheese grows 
older. This is true at all temperatures. 

(6) The comparatively rapid loss of moisture during the early 
stage of curing is entirely consistent with the fact previously 
shown, that loss of moisture increases with the moisture content 
of the cheese. The cheese contains its maximum of moisture 
when new. In addition, the bandage holds considerable water 
which quickly evaporates. Then, again, the outer surface of the 
cheese, in drying, begins to harden, the pores of the cheese-cloth 
filling to some extent with dried matter, and this condition tends 
constantly more and more to diminish evaporation, provided 
cracking is prevented. 

(7) An examination of Table III shows that the cheese at 
80° F., after the fourth week had an increased weekly loss of 
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weight, while at the lower temperatures the weekly loss fell 
gradually. This extra loss was due to leakage of fat from the 
cheese, which was very noticeable on the surface of the cheese 
and on the shelf. The cheese at 75° F. also lost some fat by 
leakage, as the figures in the table indicate for the second and 
third months. 

(8) To illustrate the influence of temperature below 55° F. 
upon loss of moisture in cheese curing, we give some results 
secured with cheeses weighing 30 pounds, 18 inches in diameter. 
The last weighing was taken when the cheeses were five weeks 
old. | 


Temperature, degrees F. o2 55 60 70 
Weight, loss by 100 lbs. of cheese 
in five weeks, lbs., 3.0 4.6 4.6 4.9 


The reduction in temperature below 55°F. is seen to be 
attended with decreased loss of moisture in a marked degree. 


LOSS OF MOISTURD AS INFLUENCED BY SIZE AND SHAPE OF CHEBRSDR. 


We will first present data secured with cheeses having the 
same diameter but varying in height. These cheeses were 7 
inches in diameter, being of the type commonly known as 
“Young Americas.” They were made from one vat of milk and 
subjected to uniform conditions. They were all kept at a uni- 
form temperature of 65° FB. 


TABLE LV.—WEIGHT LOST BY CHEESE OF VARYING HEIGHT AND UNIFORM 


























DIAMETER. 
Weight Water lost by 100 lbs. of green cheese in 
HEIGHT of —— — —_———_ ee eee Sh 
OF green 1 2 3 4 8 12 16 20 24 
CHEESE. cheese. week. weeks. weeks. weeks. weeks. weeks. weeks. week’. weeks. 
Inches. Lbs. Lbs. Lbs. Lbs. Lbs, Lbs. Lbs, Lbs. Lbs, Lbs, 
3 4.6 8.4 5.38 6.4 nme Le Cae Lee o Lee oe Ly ee E fae) 
4 Gol .o2n Obisde eOae Gut Gite LIOR Ise) S140 ato. 6 
5 is: 2-01" Anak Oud 6.3 8.3 O Site Lig2e. uo. Gols 
6 oe AA ees ae a 6.0 7.8 GA 10.6 1A 6s yd 2-8 
feeelicd 2.0 3.4, 4.0 5.6 7.4 $.97) L0sSe, stl 2* e134 


he data in this table suggests the following statements: 
(1) The loss of weight was greatest in the cheese whose height 
was least. The loss decreased with increase of height. Taking 
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the total loss for the first four weeks, it is seen that an increase 
of one inch in height reduced the loss of moisture about 53 
ounces per 100 pounds of cheese. 

(2) The general tendency in all the cheeses was a decrease in 
the weekly rate of loss of weight as the cheese grew older. The 
weekly rate of loss was greater in the smaller cheeses for the 
first two months, after which the rate was fairly uniform in all 
the cheeses. 

We will now consider data furnished by cheeses having 
approximately the same height but varying in diameter. The 
results represent, in case of the smaller cheeses, averages cover- 
ing from ten to twenty-five separate lots of cheese. 


TABLE V.—WEIGHT LOST BY CHEESE OF VARYING DIAMETER AND UNIFORM 












































HEIGHT. 
Tem- 
Weight pera- Water lost by 100 Ibs. of cheese. 
Diame- of tureof— ee - - - —a 
terof green curing 1 2 4 8 12 16 20 24 
cheese. cneese. rooms. week., weeks. weeks. weeks. weeks. weeks. wecks. weeks. 
Inches. Lbs. Deg. F. Lbs, Lbs. Lbs, Lbs. Lbs. Lbs. Lbs. Lbs. 
15 65 80 214 SOs yas 8.3 jak 2G efor 

7 9 80 3.6 6.2 °-7.8. (10:90) Sl20% Jaco ieee 
15 65 75 oie. abc ee (6 9.7 11.4 —— 

7 9 (is) ey! hai oc Pe edt) 922%. TL 127 ie ee 
15 65 70 PAM Walt i Rae ye: es: 6.0 (2 3.0 10 ee 
11 23 70 oid. 20 bie T are 9.2 5 °1056 Oi Sa oe 

7 9 70 2D. SOP 0.e 8:9. 10.9. 12.2) 18 Op eeieee 
15 65 65 De aks O a 5.8 iO 8.2 0.2) Sigs 
13 21 65 Pink) Stoke gee Oy ok 6.2 (gers Sik 9.3) yee 
11 22 65 2Otoo~ee. 1578 6.9 =p 9.6% 10i4 seeiaee 

7 9 65 260.) Oo 7.9 9.5...10.9) 3251 Seo 
15 65 60 a Pt Os De CO 5.5 6.5 es 8.5 9.3 
pe ew 60 1 i ager bec: Ft a | iPass 8.4 9.5 —— 
11 22 60 0 RS Ry a! 6.3 7.5 Sal 9.6: 035 

7 9 60 2.407" Bel5 02D (14's 9.3> 10:6 1i.Oe eee 
15 65 55 cs ft a hairs a | 5.2 Got 6.8 7.5 8.1 
13 29 5D Mi Wied eet ee 5.7 qi 139 8.9 9.4 
a1 20 5D A EA Td ee 4 6.4 7.4 8.8 9.4.2 1D 

7 9 5d a Ae Os 1G ata i | ( 8.8 O30 - “LL0 «aaa 


A study of the preceding table brings out the following points: 
(1) In general, at all temperatures, the loss of weight in cheese 
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increases when the diameter of the cheese decreases. Taking 
the cheeses having diameters of 15 and 7 inches respectively, at 
the age of four weeks, we see that at a temperature of 80° F. the 
smaller cheese has lost 2.1 pounds more per hundred pounds of 
cheese than has the larger cheese. 

(2) The difference in loss of weight between cheeses of difer- 
ent diameters is greatest at 80° F. and gradually decreases with 
decrease of temperature. Illustrating this point with the 15 and 
7 inch cheeses at the age of four weeks, we have the small cheese 
losing more than the large cheese by the eae amounts 
perehbundred cheese: at 80° F., 2.1 lbs.; at 75° F.;.1.9 lbs.; at 
fOeeeu seed IDS.s at: Oo°r F., 15 Ibs.; at BUS to tO” LDses ce 
5d° F., 1.4 Ibs. 

(3) “ 65° F. we find that an increase of two inches in diam- 
eter reduces the loss of. weight about one-half pound per hundred 
pounds of cheese, when the cheeses are four weeks old. When 
the cheeses are 16 weeks old, the decrease in loss of weight is 
one pound for an increase of two inches in diameter. 

We have two additional illustrations to present, in which 
cheeses were made from the same milk and cured under the 
same conditions. We present these data in the following table: 


TABLE VI.—WEIGHT LOST BY CHEESES OF DIFFERENT DIAMETERS. 
































Tem- 
Welght  pera- Water lost by 100 Ibs. of cheese in 
Diame- of ture of ———— ed : —~ _- s 
terof green curing- 2 3 5 7 8 12 16 20 
cheeses. cheese. room. weeks. weeks. weeks. weeks. weeks. weeks. weeks. weeks. 
Inches. Lbs. Deg. F. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
13 36 55 200 6.6 4.5 4.9 5.4 6.4 A oe Sal 
fi 10 5d icc, piites Oe ae 6.9 (po eo; 9.9 11.5 
13 29 60 yoke Tee fhe ete: Bar iy 6.0 Usa S.2 9.3 
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LOSS OF MOISTURE AS INFLUENCED BY PROPORTION OF WATER-VAPOR 
PRESENT IN AIR OF CURING-ROOM. 

The relative amount of moisture in air, or, more properly, the 
degree of saturation, exercises a marked influence upon loss of 
water in cheese-ripening. While we have not carried systematic 
investigation far in this line, we can present data that will 
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clearly illustrate the influence of this factor. Cheeses, which 
were made from the same milk, were placed in the curing-room 
at 60° F. One cheese was kept on the shelf in the ordinary 
manner, the air of the room containing from 75 to 80 per ct. of 
all the moisture it could hold at 60° F. The other cheese was 
placed under a bell-jar and kept in an atmosphere completely 
saturated with moisture. The results secured by this treatment 
are presented in the following table. The amount of moisture 
in the fresh cheese was not determined and we Start, therefore, 
with the moisture in the cheese at two weeks. 


TaspLe VII.—Loss oF MOISTURE IN CHEESE KEPT IN AIR COMPLETELY AND 
PARTIALLY SATURATED WITH MOISTURE. 


In air completely saturated with 




















In air partially saturated. moisture, 

Qe ee = ‘seg ESET RE SgsS Ss ima 

Moisture in Water lost by Moisture in Water gained by 

AGE OF CHEESE. cheese. 100 lbs. of cheese. cheese. 100 Ibs. of cheese. 

Per ct. Lbs. Perv ct. Lbs. 
2 weeks ...; 39.99 35.93 

A wert. Ph. 35.20 0.76 35.87 —- 
2 MNoOntS. ex 34.86 1.138 36.01 0.08 
6 months ... 31.87 4.12 - 37.04 Bae! 
13 'months 1.2% 26.30 9.69 37.63 1.70 
1b smonthss. %, 24.85 11.14 37.85 1.92 


Attention is called to the following points in connection with 
this table: 

(1) In case of the cheese kept in air partially saturated with 
moisture, there is a loss of moisture from the first, which at the 
end of 15 months has reached the total of 11.14 lbs. per hundred 
pounds of cheese. 

(2) In the cheese kept in a moisture-saturated atmosphere, 
there was practically no loss of moisture in the cheese, but at the 
end of 2 months the moisture in the cheese had actually 
increased and continued to increase steadily, until, at the end of 
15 months, there had been an actual gain of 1.92 lbs. of moisture 
per 100 lbs. of cheese. 

(3) The two cheeses containing the same amount of moisture 
at the beginning were found to differ, at the end of 15 months, 
18 per ct. in moisture, as the result of being kept in air contain- 
ing different degrees of moisture. 
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IV. SOME PRACTICAL APPLICATIONS. 


We have been considering those conditions that are most 
prominent in influencing the loss of moisture in cheese and have 
called attention to the results secured by us. We come now to 
consider these results in their practical application to the inter- 
ests of the factory owner, his patrons and the consumers of 
cheese. In this connection we will discuss the following topics: 

(1) Value of water in cheese to dairymen. 

(2) Moisture in cheese in relation to commercial quality. 

(3) What percentage of moisture should cheese have? 

(4) Value of water in cheese to consumer. 

(5) Variation of loss of moisture with different kinds of cheese. 

(6) Loss of moisture and loss of fat. 


VALUE OF WATER IN CHEESE TO DAIRYMEN. 


To the cheese-maker and producer of milk, water in cheese 
is money, when put there in the right way and in proper pro- 
portions. It is essential, in the process of manufacture, to incor- 
porate water in cheese in quantities best suited to the require- 
ment of the market for which the cheese is intended, and then 
it is equally essential that the water be kept there with the least 
possible loss. From the dairyman’s standpoint, it is desirable 
to sell as much water in cheese as will suit the consumer. In 
preventing excessive loss of moisture there is more water to sell 
at cheese prices. 

From inquiries made among cheese-makers we find quite a 
variation in respect to the loss of moisture experienced by them 
in curing cheese. One of the most complete records, covering 
an entire season, furnished by a cheese-maker and factory 
owner who has better than average conditions for curing rooms, 
makes the average loss of weight during thirty days amount to 
about five pounds per hundred pounds of cheese. Others report 
an average loss for the first thirty days as high as ten pounds 
per hundred pounds of cheese. The average loss lies somewhere 
between these two extremes and would probably not be far from 
seven pounds per hundred pounds of cheese, 

14: 
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An examination of Table II shows that the loss of moisture 
can be reduced to four pounds per hundred pounds of cheese. 
Using this figure as a basis for calculation, we find that, for 
every hundred pounds of cheese, from one to six pounds, with 
an average of three pounds of water could be saved to sell at 
cheese prices. This would mean an increase of 8 to 48 cents, 
with an average of 30 cents, received for every hundred pounds 
of cheese. This would mean an average saving of three hundred 
dollars a season for a factory with a total season’s output of 
one hundred thousand pounds of cheese. One cheese-maker 
reports that he calculated one season’s loss from shrinkage and 
found it over six hundred dollars. While such losses may not 
be regarded as large in comparison with the total receipts, they 
constitute a noticeable percentage when viewed as a decrease 
of profits, and are well worth saving. 


MOISTURD IN CHEESE IN RELATION TO COMMERCIAL QUALITY. 


We have just called attention to increased receipts coming 
from cheese, as a result of preventing excessive loss of moisture. 
Such saving of moisture not only increases the amount of cheese 
to be sold but also increases the value of the cheese from the 
standpoint of commercial quality. 

In Bulletin No. 184, of this Station, Mr. Geo. A. Smith, Dairy 
Expert, has presented the results of work showing the influence 
of temperature upon the commercial quality of cheese. No 
attempt is there made to analyze the results and point out the 
immediate causes affecting quality, and attention is, therefore, 
called to the subject here. 

The relations existing between moisture and flavor are known 
only in a very general way. But we know something of the 
general relation between moisture and texture. Excessive 
moisture produces undesirable softness, from a commercial 
standpoint, and at ordinary temperatures favors the formation 
of holes, a serious fault in the texture of Cheddar cheese. On 
the other hand, deficient moisture favors the production of a 
crumbly, dry, mealy texture, which is an undesirable condition, 
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High temperatures cause excessive loss of moisture and result 
in the production of crumbly texture. This condition injures 
the commercial quality of cheese and results in lower prices for 
such cheese. The following figures represent averages taken 
from data given on page 202, Bulletin 184, showing the general 


relation between texture and loss of moisture. 


TABLE VIII.—EFFECT OF TEMPERATURE OF CURING ON TEXTURE AND MOIS- 
TURE OF CHEESE. 


Texture of cheese. Mc isture lost by 160 lbs. 
TEMPERATURE OF CURING-ROOM. (Perfect texture is 25.) of cheese. 

Lbs. 
55 degrees FF, 24.6 8.5 
60 degrees I’. 24.4 9.0 
65 degrees EF, 23.6 9.2 
70 degrees If, 22.0 1052 
75 degrees FP’, 21.4 10.7 
SO degrees F, 20.6 aia 


WHAT PERCENTAGE OF MOISTURE SHOULD CHEESE HAVE? 


Much of the cheese made in New York State contains, in the 
fresh state, from 36 to 37.5 per ct. of water. The home-trade 
cheese, much of which is made in the fall, contains 88 to 40 
per ct. of water. For the average consumer, it is safe to say, 
the amount of moisture in cheese should be not less than 
between 33 and 35 per ct. at the time of consumption. Taking 
everything into consideration, it is reasonable to expect better 
results in reference to quality by holding a moderate amount 
of moisture in the green cheese and so curing as to lose only a 
small amount of water, than by holding an excessive amount 
of moisture in the green cheese and so curing as to lose a 
larger amount of moisture. Some cheese-makers expect that 
they must lose ten pounds of weight per hundred pounds of 
cheese in curing, and they attempt to meet this loss by retain- 
ing 40 per ct. or more of moisture in the cheese. Such a prac- 
tice can not lead to good results from any point of view. 

A fact that should not be lost sight of in this connection is 
this: Cheese cured at such low temperatures as are favorable 
to diminishing the loss of moisture can carry larger amounts of 
moisture from the start without impairing the quality. 
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VALUE OF WATER IN CHEESHD TO CONSUMERS. 


In the first place, cheese that has not lost too much of its 
moisture is more pleasing to the taste of the average consumer. 
In the next place, the more completely a cheese dries out, the 
harder and thicker is the rind and the greater the loss to the 
consumer. Most people have become accustomed to such a 
waste, but much of it is unnecessary. In a carefully cured 
cheese, the rind is comparatively moist and only a very thin 
portion need be lost, and even this can be used in cooking. 


VARIATION OF LOSS OF MOISTURE WITH DIFFERENT KINDS OF 
CHEESE. 


It has been pointed out that cheeses of small size lose more 
moisture per hundred pounds than do cheeses of larger size. 
In making small cheeses like “ Young Americas ” the proportion 
of loss is much greater, and hence the demand is still more 
imperative that these shall be cured under conditions where the 
loss of moisture shall be greatly reduced. This applies also to 
such sizes as “Flats” and “Twins.” It is not surprising that 
the manufacture of small cheeses of the Cheddar type has been 
discouraged. Even at the higher prices that they bring, the 
extra loss of moisture and additional cost of manufacture are 
not satisfactorily covered. In the manufacture of small fancy 
kinds of soft cheese, these statements do not apply, because an 
essential part of the equipment consists of curing-cellars of 
fairly low temperature and high moisture content. 


LOSS OF MOISTURE AND LOSS OF FAT. 


High temperatures, which favor increased loss of moisture, 
also favor loss of fat by exudation from the surface of the 
cheese. When cheese is kept at a constant temperature even of 
70° F., there is evidence of some, though small, loss. At 75° F. 
the loss becomes considerable and increasingly large with 
increase of temperature above 75° F, 
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V. PREVENTION OF LOSS OF MOISTURE IN CURING 
CHEESE. 


From the data previously presented, it has been seen that loss 
of weight in cheese curing is due to lack of control of tempera- 
ture and moisture in the curing-room. Three methods or sys- 
tems have been proposed for the purpose of controlling these 
conditions or obviating the need of controlling them: 

(1) Immediate sale and removal of green cheese. 

(2) Central curing-rooms for the use of several factories. 

(3) Special curing-room in each factory. 


IMMEDIATD SALE AND REMOVAL OF GREEN CHEESE. 

It was formerly. a common custom to keep cheese at the 
factory for thirty days or more before selling it. For some 
time there has been a tendency to dispose of cheese at more 
frequent intervals, sales and shipments being made, in some 
cases, of cheese a week old. There appears to be an increasing 
desire to place cheese in the hands of buyers just as soon as they 
were willing to take it. Many buyers who have cold-storage 
facilities prefer to remove the cheese from the factory before 
it has had a chance to deteriorate under the adverse conditions 
of curing commonly present in factory curing-rooms. The sys- 
tem of removing cheese by buyers from the factory when less 
than a week old has the advantage for the cheese-maker of 
relieving him from all responsibility in relation to the curing 
process. There is, however, under such a plan the disadvantage 
of turning over to the buyer all the advantage that comes from 
increase of value as a result of good curing. With proper 
curing facilities, the cheese could be retained by the factory and 
held until it had increased very materially in value as a result 
of curing under good conditions. When cheese is sold green, 
or nearly so, the opportunity for increased profits, due to proper 
curing, is wholly lost. 


CENTRAL CURING-ROOMS. 
Four or five years ago Drs. Babcock and Russell made the sug- 
gestion that buildings, centrally located with reference to 
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several cheese factories, be erected especially for curing pur: 
poses and designed to take care of the product of the several 
factories. Such a system has several advantages: (1) Enough 
money could be easily secured to build and equip a central 
curing-house that would be complete in its details and thor- 
oughly efficient for controlling temperature and moisture. In 
fact, ideal conditions could be assured. No single factory could 
afford to provide itself an equally effective curing-room, or 
would be likely to do so. The cost for one central cheese-curing 
building, distributed among several factories, would be no more 
than would the cost of providing an inefficient curing-room in 
each individual factory. (2) Cheese stored in a central curing- 
house could receive more skillful and efficient attention than it 
could in curing-rooms located in each factory. (3) The cheese 
could be examined more economically by buyers, being collected 
in large quantities in a central curing-house. The buyer would 
be saved the necessity of visiting each factory separately. 
(4) The maximum saving could be effected in decreasing loss of 
moisture and in improving quality of cheese. Moreover, the 
cheese from any one factory or any number of factories would 
be more uniform in character when cured than under present 
conditions, or even with curing-rooms in individual factories. 
(5) Cheese kept under ideal conditions during the curing process 
can be held subject to market conditions without risk of injury 
in respect to quality. Under the conditions commonly preyail- 
ing, cheese has to be sold to avoid the injury in quality that 
might result from longer holding at the factory. This is 
especially applicable in hot weather, a time when prices are 
likely to be lowest. Cheese kept in proper curing-rooms can be 
held for higher prices and will constantly improve in quality for 
quite a long period of time. . 


SPECIAL CURING-ROOM IN EFACH FACTORY. 


When it is impossible to coSperate with other factories in the 
construction and use of a central cheese-curing building, then it 
is desirable that one shall make a cheese-curing room in the 
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factory, even though the results secured may not be perfect. 
Some attempt to control temperature and moisture in curing 
cheese will give better results than are possible in the absence 
of any system, a condition too general at present in the cheese 
factories of New York. 

The subject of a special curing-room in each cheese factory 
has been very fully discussed in Bulletin No. 70 of the Wis:onsin 
Agricultural Experiment Station, and several factories in that 
State have made such curing-rooms. The system has also been 
studied and applied in Canada by Prof. James Robertson, Com- 
missioner of Agriculture and Dairying for the Dominion. 

The following statements are, for the most part, condensed 
from Prof. F. H. King’s Wisconsin Bulletin No. 70. The cuts 
are from the same source. 

Curing-rooms may be constructed above ground or under 
ground, and may be of wood or masonry or a combination. Con- 
sidering moderate cost, convenience, and efficiency, a curing- 
room built of wood entirely above gr ULE is the most practical 
for the average factory. 

(1) Location—A curing-room above ground should be placed 
on the north side of a building in order to be protected as much 
as possible from the direct rays of the sun. It is advantageous 
also if the room can be shut off on the other three sides by hall- 
ways, Stairways, other rooms or building screens. 

(2) Windows in a curing-room should be as few and as small 
as consistent with the amount of light necessary. They should 
be made double, as nearly air-tight as possible, and preferably 
in one section, fitted closely and permanently in place. If neces- 

sary to exclude direct sunshine, blinds or awnings should be 
placed outside. : Eee: 

(3) The door of a curing-room SQ be built to resemble that 
of a refrigerator. eA 

(4) Walls should be built like those of cold- Rrorate and ice- 
houses. The studding outside should be covered with matched 
Sheathing and drop siding, with a layer of three-ply acid and 
water-proof paper between. The paper recommended by Prof. 


216 Report oF tHe CuremicAL DEPARTMENT OF THE 


King is manufactured by the Standard Paint Co., New York and 
Chicago. On the inside a layer of matched sheathing is nailed 
to the studding, then strips of inch furring two inches wide, to 
which are nailed two thicknesses of matched sheathing with 
paper between. The outer air space between the studding is 
filled with sawdust or similar material, and the spaces left by 
the furring are closed air-tight at the ceiling and floor. (See 
Plate VII.) 

(5) Ceiling and floor should also consist of two thicknesses of 
matched lumber with paper between, and joints made at corners 
should be very tight. 

In constructing curing-rooms two things should be kept in 
mind: First, that the walls should be as nearly air-tight as possi- 
ble in order to keep out the warmer air outside, and, second, 
that the walls should be poor conductors of heat. It is advan- 
tageous to cover the inside walls with two coats of shellac. 

(6) Ventilating flue in ceiling.—It is desirable to provide a tight 
ventilating flue in the ceiling of the curing-room, extending 
above the roof. Its diameter may be six or eight inches. It 
should be provided with a damper. (See Plate VIII, H, I.) 

(7) Methods of controlling temperature and moisture im cheese 
curing-rooms placed above ground.—After constructing a proper 
curing-room, it is essential to provide arrangements for control- 
ling temperature and moisture. The construction of a curing- 
room is only a partial means toward this end. The following 
methods have been found effective in keeping the temperature 
during summer between 58° and 70° EF. and at the same time 
modifying the moisture content of the air favorably: (a) Ven- 
tilation by air forced through horizontal sub-earth ducts or deep 
vertical sub-earth ducts and wells. (b) Ventilating over ice. 
(c) Evaporation of water. 

Plate VIII illustrates the construction of a horizontal sub- 
earth duct, which should be 12 feet or more below the surface 
of the ground and 100 feet or more in length. It is recom- 
mended that the sub-earth duct consist of three rows of 10-inch 
drain tile laid side by side at the bottom of the trench, or the 
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Plate VII.—Showing the construction of wood curing-room: 1, 1, 1, sill; 2, 2, 2, a 
two-by-ten spiked to ends of joist; 3, 3, 3, a two-by-four spiked down, after 
first layer of floor is laid, to toe-nail studs to; 4, 4, 4, a two-by-four spiked to 
upper ends of studding of first story. A, A, A, A, three-ply acid and water- 
proof paper. The drawing in the center shows space between studding filled 
with sawdust and another dead-air space to be used when the best ducts 
cannot be provided. (From Wis. Agr. Exp. Sta. Bul. 70.) 
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Plate VIII.—Section of cheese-curing room and horizontal multiple sub-earth duct. 
A, inlet to curing room; B, end of sub-earth duct in bricked entrance to factory; 
C, cross-section of the multiple ducts; D, H, bricked entrance under funnel at 
outer end of sub-earth duct; F, funnel with mouth 36 inches across; G, vane to 
hold funnel to the wind; H, ventilating flue with damper. (From Wis. Agr. 
Exp. Sta. Bul. 70.) 








Plate IX.—Showing how funnel and vane may be mounted. A, funnel; B, shaft 
of funnel; C, C, C, 1-inch gas pipe; D, D, 1%-inch gas pipe; HE, cap for support 
of 1-inch gas pipe; F, G, H and M M and N N are stays of band iron bolted 
together and to the sides of the shaft to support the axis of the funnel; J, 
weather collar to turn rain out of shaft; K, L, band-iron to stiffen vane and 
attach it to funnel. (From Wis. Agr. Exp. Sta. Bul. 70.) 
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Plate X.—Showing vertical sub-earth duct. A, brick chamber 25 to 30 feet below 
surface and 40 inches inside diameter; B, tile or conductor pipe of galvanized 
iron; ©, main shaft of funnel; D, brick chamber at upper end of duct. The 
circle and section represent a cast-iron plate to cover brick chamber A, and 
can be had of King & Walker, Madison, Wis. (From Wis. Agr. Exp. Sta. 
Bul. 70.) 
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Plate XI.—Showing vertical section of factory and sub-earth duct in well. 


, duct leading air from wall to curing room, C; 


funnel taking air into well; B, B 
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D, ventilator. 
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XII,—Showing method of cooling air with cold water. A, curing room; B, 


duct leading into curing room; ©, EH, galvanized.iron drums, air and water 
tight; F, thirteen or more 5-inech flues of galvanized iron, 10 ft. long, soldered 
water tight to drums to cool air; D, main air duct from funnel; G, water pipes 
from pump; H, overflow pipe; I, damper in main shaft; J, 4inch pipe leading 
from blower to use when there is no wind; K, smokestack of boiler; L, venti- 


lator from curing room to smokestack; N, boiler. 


(From Wis. Agr. Exp. Sta. 


Bul. 70) 
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trench may be dug narrower and one or two feet deeper and the 
tile placed one above the other. The shaft for carrying the 
funnel must be made tight; it may be 12 inches square,.if made 
of plank, or 12 inches in diameter, if made of galvanized iron. 
The height should be sufficient to enable the funnel to catch the 
wind readily. The construction and mounting of the funnel are 
illustrated in Plate IX. The extreme diameter of the funnel 
should be about 36 inches. 

The inlet from the sub-earth duct into the curing-room must 
be provided with some arrangement of valves that will permit 
the air to be shut off wholly or partly. Too rapid entrance of 
air in warm weather.will not permit enough cooling during pas- 
sage through the duct. In case of dry winds, too rapid entrance 
would reduce the moisture too much. 

In Plate X there is illustrated a deep vertical sub-earth duct. 
Such a duct has the advantage of requiring less piping and also 
less wind will suffice to produce a current of air. The vertical 
duct should have a depth of not less than twenty-five or thirty 
feet, provided water is far enough from the surface. Thirteen 
lines of 6-inch drain or 5-inch galvanized iron conductor pipe 
may be used and placed as in the cut. The duct should be 
located near the north end of the curing-room or directly 
beneath it. A hanging platform can be used in placing the 
pipes or tubes in position and the earth packed carefully around 
the pipes. An excavation of proper size, made as for an 
ordinary well, will answer the purpose. After the duct has 
been placed in position the earth that has been removed can be 
used for filling around the duct. 

In Plate XI there is represented a duct connected with a well 
of water. In the particular instance illustrated, the well is 64 
feet deep; the intake pipe is 10 inches in diameter, rising just 
barely above the roof of the factory, entering the well, as shown 
at A, two feet below the surface of the ground and then descend- 
ing inside the well a distance of 8 feet. Another 10-inch gal- 
vanized iron pipe starts 40 feet below the surface of the ground 
and rises to within 5 feet of it, when it turns and passes hori- 
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zontally until it comes under the curing-room which it enters 
directly, as shown at BB BC. The top of the well is tightly 
closed. . "ak 

In Plate XII the cut illustrates the cooling of air in a curing- 
room by forcing the air through cold water. When the ground 
water is within 12 or 15 feet of the surface, then a cistern 5 or 6 
feet in diameter, shaped like a well, may be built, plastering with 
cement as in the case of ordinary cisterns. In this cistern can 
be placed an air duct made of galvanized iron as given in Plate 
XII. The duct should be water-tight. By connecting the 
cistern with the well, fresh water may be added from time to 
time as may be found necessary to keep water sufficiently cool 
to be effective. rape 

In Canada, considerable work has been done in using ice in 
curing rooms to control temperature. Where ice can be 
obtained conveniently and cheaply, this method may be advant- 
ageously utilized. One or more ice boxes are placed in the 
curing-room, so built that air can circulate about the ice and 
into the curing-room. Also compartments, filled with ice, may 
be made adjoining the curing-room on the side or above, pro- 
vided with openings into the curing-room which will allow a flow 
of air over the ice and into the curing-room. 

Where special means are needed to secure moisture, this can 
be effectively done by means of yard-wide strips of any cloth 
material that has good capillary power. The pieces of cloth 
are hung about the room and kept more or less saturated with 
water. Experience will tell how much evaporating surface is 
needed to provide the degree of moisture needed. 
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TABLE SHOWING PERCENTAGE OF SATURATION OF MOISTURE IN AIR AT 
VARIOUS TEMPERATURES ACCORDING TO HYGROMETER. 


Difference between the dry and wet thermometers in degrees Fabrenheit. 


Dry ther- 
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Fahrenheit. . 
Percentages of moisture in air. 
| 
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57 | 971 94] 91] 88] 86] 83] 80] 77] 74] 71] 69] 66] 64] 61] 58] 55| 53] 50] 48! 45] 43] 40] 38] 36 
58 | 97i 94] 91] 89] 86] 83] 80] 78] 75| 72] 69] 67] 64] 61] 59] 56| 53] 51] 49] 46] 44] 42] 39] 37 
59 mi 94| 92] 89] 86] 83] 81| 78] 75] 72] 70| 67| 65] 62! 60] 57| 54/1 52] 49] 47] 45| 43] 40] 38 
60 | 97; 94] 92] 86] 86] 84] 81] 78] 7] 73] 70] 638] 65} 63] 60] 58] 55| 53| 50; 48] 46; 44] 41] 39 
61 | 97! 94] 92] 89} 87] 84] 81] 78] 76] 73] Zt 68] 66] 63] 61| 58] 56| 54] 51] 49] 47] 44] 42] 40 
62 | 971 95! 92] 89] 87] 84] 821 79] 76] 74] 71! 69] 66| 64] 61] 59] 57| 54] 52] 50; 47] 45] 43] 41 
63 | 97| 95} 92] 89] 87| 84] 82] 79] 77| 74] 72] 69] 67] 64] 62] 60] 57| 55] 531 51| 48} 46l 44/ 42 
64 | 97] 95] 92] 90] 87| 85] 82] 79] 77| 74] 721 70] 67] 65| 62] 60] 58| 56] 531 51] 49] 47| 45/ 43 
65 | 97] 95] 92] 90] 87] 85] 82] 80} 77| 75] 72] 70] 68] 65] 63] 61] 59] 56] 54] 52] 50; 48! 46] 44 
66 | 97) 95} 92! 90] 8%] 85; 82] go! 73] 75] 73! 71/ 68! 66] 63] 61| 59| 57| 55} 53] 51| 49! 47] 45 
67 | 98] 95} 93] 90] 88] 85] 83] go! 78] 76] 73! 71] 69] 66] 64 62] 60! 58] 55} 53] 51) 49] 47] 45 
68 | 98] 95] 93] 90] 88] 86] 83} 81| 78] 76] 74] 71] 69] 67| 65] 63] 60] 58] 56] 54| 52/ 50] 48! 46 
69 | 93} 95] 93] 90] 88] 86] 83] 81] 78] 76] 74] 72] 70] 67/ 65| 63] 61| 59] 57; 55] 53] 51] 49] 47 
70 | 98] 95] 93] 90} 88] 86] 83) 81| 79] 77; 74! 72{ 70] 68] 66] 64/ 62] 60) 57] 55/ 53| 52] 50; 48 
71 | 98| 95} 93] 91] 88] 86] 84] 81] 79| 77] 75! 721 70] 63| 66| 64] 6z| 60] 58] 56; 54| 52! 50] 48 
72 | 98] 95| 93] 91] 88] 86] 84] s2| 79] 77] 75] 73] 711 69] 67| 65] 63! 61] 59] 57| 55/ 53] 51/ 49 
73 1 98] 95] 93] 91] 83] 86] 84] 82] 80] 78] 75] 73] 71] 69] 67| 65] 63/ 61] 59] 57| 55| 53] 52] 50 
74 | 93! 95] 93] 91] 88] 86] 84| 82] 80] 78] 76] 74] 721 70| 68| 66] 64| 62] Gol 5S/ 56| 54] 521 50 
75 | 98] 95] 93] 91] 89] 87] 84] 82} 80] 78] 76) 74] '72| 70} 68] 66] 64] 62] 60} 58) 56] 53) 53) 51 
76 | 98] 95] 93] 91] 89] 87] 85] 82] so] 78] 76! 74] 721 70! 6s! 66] 64] 63] 61] 59] 57] 55] 53] 52 
77 | 98] 95] 93] 91] 89| 87] 85] 83] 80] 78] 76] 74| 721 71] 69] 67| 65] 63! 61] 59] 57] 56] 54) 52 
78 | 98] 96] 93] 91) 89] 87| 85] 83] 81] 79| 77] 75| 73] 71] 69] 67] 65| 63} 62] GO| 58] 56; 54] 53 
79 | 98) 96] 94] 91] 89] 87| 85] 83] 81] 79] 77] 75] 73] 71| 70] 68] 66] 64] 62| 60] 58} 57] 55| 53 
80 | 93] 96] 94] 92] 89] 87] 85] 83] 81] 79] 77| 75] 73] 72] 7C] 68] 66| 64] 63] 61] 59] 57] 55] 54 
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Crop Production. 


W. H. Jorpan, Director. 
G. W. CuuRCcHILL, Agricuiturist. 
F. A. Srrrinp, In charge of Second Judicial Department 


Hexpervments. 


Taste or ConrteENnNTs. 


I. Influence of manure upon sugar beets. 


Ii. Commercial fertilizers for onions. 
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INFLUENCE OF MANURE UPON SUGAR 
BEETS.* 





W. H. JORDAN AND G. W. CHURCHILL. 


SUMMARY. 


(1) These experiments were undertaken to test the accuracy 
of the statement that sugar beets are of an inferior quality when 
grown on land to which stable manure is applied in the spring. 

(2) The experiments have been conducted during four consecu- 
tive years, mostly on the Station farm. Comparisons have been 
made of the quality of beets not manured, those grown with 
commercial fertilizer, mostly 1,000 lbs per acre, and those grown 
on land receiving in the spring, before planting the beets, from 
4(),000 Ibs. to 80,000 lbs. stable manure per acre. Beets from at 
least six varieties of seed were grown during the four years. 

(3) The results are almost unanimous in one direction. The 
beets have been of high quality with all three methods of treat- 
ment, averaging somewhat better with the farm manure than 
with no manure or with commercial fertilizers. 


INTRODUCTION. 


The value of a given lot of sugar beets for sugar-making pur- 
poses depends chiefly upon two factors, viz.: the percentage of 
saccharose in the beets and the percentage and character of 
the soluble compounds accompanying the sugar. In general a 
beet is valuable in proportion to its content of crystallizable 
sugar, but if this is attended by too large an amount of certain 
soluble non-sugars, the effect is to prevent the crystallization of 
some of the saccharose which under better conditions would be 
secured in the manufactured product. 


“A reprint of Bulletin No. 205. 
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The relation of crystallizable sugar to the total solids in 
solution in the juice of beets is known as the coefficient of 
purity. 

It is generally taught that the percentage of sugar in beets 
and also the coefficient of purity are materially influenced by 
the kind and amount of fertilizing material which is used in 
growing the crop. Growers are especially cautioned against 
planting beets on land freshly fertilized with stable manure and 
against heavy nitrogenous manuring with chemicals. It is 
stated that past experience has shown that beets raised where 
a generous application of farm manure is made in the spring 
are inferior for manufacturing purposes, and it is suggested 
that while a large application of nitrate of soda may not cause 
- a diminution of the sugar content it may so lower the coefficient 
of purity as to lessen materially the proportion of available 
sugar. 

In 1898 experiments conducted by this Station in growing 
beets with the use of farm manures and with commercial fertil- 
izers in varying quantities gave results in apparent conflict with 
prevailing views.1 These results have led to the continuation, 
during the past three years, of experiments of a similar char- 
acter, the outcome of which is presented in this bulletin. 


THE EXPERIMENTS. 
GENERAL PLAN AND CONDITIONS. 


The experiments were planned with reference to comparing 
the composition of beets grown with commercial fertilizers and 
those grown with stable manure applied in the spring just before 
planting. Check plats have also been used in order to ascertain 
how the beets would grow without the application of any 
manure whatever. All the experiments have been conducted 
on the Station farm, excepting in the year 1898, when one set 
was carried out on the farm of F. EK. Dawley, Fayetteville. 

Excepting the year 1899, when texture conditions were 


™N. Y. Agrl. Expt. Sta. Bul. No. 155, 
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unfavorable on some of the plats, owing to a lack of rain at the 
time of germination of the seed, the beets were successfully 
grown, both as to quantity and as to the type and healthfulness 


of the plants. 


The temperature and rainfall as shown by records kept at the 


/ 
Station are of interest in this connection. 


TABLE I.—TEMPERATURE AT GENEVA, 














1898. 1899. 

Month. His! Want ay Mae ee 

Deg. Deg Deg. Deg. Deg Deg 
NE he vn cts caw cesesesegee. Ole t! (ous) 40,2 DG. B0.0) 40.6 
oy gepaeieea Sivataters's < o afe cts Delawe ss ost ¢ 65.5 47.4 57 68.7 46.4 57.8 
OY GER bsce etal'e, e164 we algnla beens TSi2) BZ LOTeI $228 SEG 69.5 
SL GMa ieesl'a''e\s, 6 $ Blea’ cata ls a8 8s thas at atuate way SG.0. OL.) (tian Se.O Oason tt Low 
MAT URDE UMC iis /s'viy diaigie: wisle.0 wo a s30 Toveen CUO MOL ae EL $3.9) 59220 Fins 
MOG UM as dalcais bhinde sesamecerwie tf tclu Of. ¢ 65,9 71.1) 50 60.86 
MESUOP LMS EU Gi ale’ Go \a'e' aie einva ene 6ie.6.p)6-re'sis's « G14. 42.8) 52.1) G3.8. 42.0 hare 

1900. 1901 
Month. Max. ees Vian: Make imine i eee 
Deg Deg Deg. Deg Deg. Deg. 
PMS UR GEcel, ai 'pis's beielely sib me wide’ cote she, (Be. @) )S4.2): 148: 5 | 56 387.1 46.5 
May .. Salk Cassie ale PN ae ee Ae seu Oe 44.9 56.7 67 46.8 56.9 
RL ctara ee « si<.0 Pee a Paras nerdisiete ce a 81 55.4 68.4 80.5 57.4 68.9 
ERIE Pas ac sbaccte'e tefvidie Mrgiaisispevete tee oats o's 83. 62 (2.6 °88.2"'65.,17"76.6 
RE I Nic 'oi> waieidsa: ale. Sishsterd vupleber ela t 85 63.2 «74-1, . 80.9) ) 61,25) Ti 
MERU IC Tala ala Wen cle ca me ee. tee es ¢9. 3. hos Oo :oO0 cht io 5a 64 
MMEMIEM OSs sagaC ewes e vet sicchesecceas| UOsd 941.4) O1,0 CAL 47 51.4 
TABLE II].—PRECIPITATION AT GENEVA, 

Month. 1892, 1899. 1900. 1901. 

In, In. In. In, 
MRR SUS oie wt Laks a sce er EUs cio eees 1.54 bi22 .02 2.19 
PAEMTAME Er inet ee acd seb de Sous eis 8 AP pak: 2.03 Lan2 95 4.43 
hy A Sea WE ards SIRES a eave he Side she cre 1.90 1.69 AP 3.80 
OMNTEO Nd tele bce Fe OEIC a eae 2.39 Vail 1:45 AZ .0T 
SMEG aha s Vb. dais hive, ¢ a9" Gs dg wie alo ila doe 6,8 Late 4.15 Gata 3.97 
RI UGE. 5! als <6 s shage Setutde adshib Shae there ete 3.60 1.05 1.75 5.62 
RETR IR OTS NA sss said aun sige viel ycore Si aeTe Bunnie are 1.86 2.23 91 2.46 
SOTA oss « welaleck Geaedus wie etenaten ee MACE’ 8.83 2,69 3.65 1285 
Potiig GreDt MONTHS <a. vs sales a pieele s LE Chl ML OweOs Sy LLOe O48 fey SO 

Total for May, June, July and 

PULTE LIN ete cee 6 cdc cs adiebic cue elee stare O21 8.60 11.44 15.46 
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Attention is called to the great variations in the rainfall 
during the four months most important in the life of the plants. 
In 1899 there was a deficiency in available water but not in 
ABST he 

The soil of the Station farm is a strong clay loam, well 
adapted to general farming and capable of producing large 
crops when well handled. 

The plats used in the beet experiments could not be regarded 
as especially deficient in fertility, and would not respond to the 
application of manures as would poorer. land. 

The methods used in the cultivation of the crop were those 
approved by past practice and no detailed statement concerning 
them is necessary in this connection. 


THE MANURE. 


The stable manure used was a mixture of that coming from 
the cow and horse stables of the Station, sufficiently composted 
and mixed to render it fine and of uniform composition. The 
manure actually applied to the beet soil was analyzed only one 
year, 1901. Manure from the same general source and used in 
another experiment was analyzed in 1897, 1898 and 1899. From 
the data thus secured it is possible to know approximately the 
amounts of plant food supplied to the crops from this source. 


TABLE III.—COMPOSITION OF MANURE MADE IN THE STATION STABLES. 


Phosphoric 
Year. Water. Nitrogen. acid. Potash. 
Per ct. Per ct: Fer. cts Per cts 
LEO Tu is a vhste o's\8:s iby, oh 13.9 .389 .360 .342 Used on corn. 
LOGS +15 w bopis io sis wok ate the 16.2 .363 . 241 .093 Used on corn. 
DOO sls. Riatwin srw iale Meters a> 74.3 .529 .576 851 Used on wheat. 
LOOL... sic ao ieee este 78.3 .445 .382 738 Used on beets. 


In 1901 the manure was applied at the rate of 80,000 lbs. per 
acre, in all other years at the rate of 40,000 Ibs. 

The commercial fertilizer mixture was essentially the same 
throughout. Its ingredients and approximate composition are 
given in Table IV. i 
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TABLE IV.—FERTILIZER MIXTURE! USED ON SUGAR BEETS. 


‘Material. 
Acid phosphate eeeoes oor ecereeoeeevesen 
BULPNAtGrOL DOTASN | ..00seineges aie ie aera 
Dried blood oeeeeeee e@eeeeepeevnevee eevee e808 © 
recreate Ot S004: 2... «6% eae tines care a 6 © 
Total eoeeeeeeeeeeeeeeee eeesvee eee ee 8 


MRIS CCTILADCS ww wavecceeedoasieccecacse 


In 
one 
ton. 


Lbs. 
900 
300 
400 
400 


2000 
fem cod lbs. of the mixture)... c.ccccecee 


eeoee028 


Containing approximately— 





emet e 


Nitro- 
gen. 


Lbs. 


eoeeeee 





PXPERIMENTS OF 1898.1 


——— 














ae = 

Phos- 
phoric Pot- 
acid. ash. 
Lbs. Lbs. 
126 @eeesove 
aie aatate 150 

8 eee 

13 150 
67 75D 
(Get 7.5 


These were carried on both on the Station farm and on the 
farm of F. E. Dawley, Fayetteville, N. Y. The plats were 1-12 
acre at the Station and at Mr. Dawley’s 1-16 acre. In the 
tables which follow the yields are given for one acre. 


TABLE V.—COMMERCIAL FERTILIZERS ON SUGAR BEETS, 1898. 


Yield of 
trimmed and Coefficient 
Amount of washed beets Sugar of purity 
fertilizer used. per acre, in beets. 3 of juice. 
Lbs. Lbs. Per ct. 

0 20,425 15.2 85.2 
500 21,375 15.6 85.7 
500 27,140 14.5 86.0 

1000 26,928 14.4 83.6 
1000 26, 250 14.7 85.4 
1500 23 , 822 14.3 84.5 
1500 » 27,920 14.9 85.8 
2000 22,073 15.0 85.6 
2000 27,875 Lost) 87.1 

0 18, 585 15.4 81.6 

0 17, 740 Lio 85.0 
500 23,373 15.2 ieee 
500 24,075 14.3 19.3 

1000 24, 220 14.5 78.3 
1000 24, 220 15.9 81.3 
1500 26, 890 15.3 80.1 

2 79.7 


1500 26,330 15. 


1Reported in Bulletin No. 155. 


Average 
weight of 
beets 
analyzed, 


Ozs. 
1614 
16% 
15 
20 
16 
1 
15% 
16% 
13% 
12% 
9 
14% 
16% 
13% 
10 
18% 
13% 


Place of 
experiment. 


Station. 
Station. 
Station. 
Station. 
Station. 
Station. 
Station. 
Station. 
Station. 
Fayetteville. 
Fayetteville. 
Fayetteville. 
Fayetteville. 
Fayetteville. 
Fayetteville. 
Fayetteville. 
Fayetteville. 


2The percentages of sugar in the beets as given in the bulletins are 
the results of actual determinations on the basis of a weighed quantity 
of beet and are not calculated from the sugar in the juice. 
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TABLE VI.—SUMMARY SHOWING EFFECT OF FERTILIZERS ON YIELD OF SUGAR 
BEETS IN 1898. 


Yield per acre. 


2 Ae eee 


Fertilizer 


used 


per acre. 


Lbs. 
0 
500 
1000 
1500 
2000 


Number 
of experi- 
ments. 


he PR 


cn 








Lowest. 


Lbs. 
17,740 
21,375 
24, 220 
23, 822 


22,073 


a ee 


Highest. 
Lbs. 


20, 425 


27,140 


26,928 
27,920 
27,875 





Average. 
Lbs. 


19, 294 
23,990 
25,405 
26, 240 
24, 974 


A i 
Increased 
average. 


Lbs. 





4,696 
6,111 
6,946 
5,680 


TABLE VII.—SumMMARY SHOWING EFFECT OF FERTILIZERS UPON PERCENT 
AGE OF SUGAR IN BEETS IN 1898. 


Fertilizer used 
per acre. 


Lbs. 
0 
500 
1000 
1500 
2000 


Number of 
experiments. 


So hb mR OO 


Lowest. 


Per ct. 
15.2 
14.3 
14.4 
14.3 
15.0 


Amount of sugar in beets. 








Per ct. 
ib er. 
1 


OU ON 
OWD S 


fa pt 
=] Ol 


“~~ 
Highest. 


Average. 


Per ct. 
15.9 
14.9 
14.9 
14.9 
16.0 


TABLE VIII.—SumMMARY SHOWING EFFECT OF FERTILIZERS UPON COEFFI- 
CIENT OF PURITY OF SUGAR BEETS IN 1898, 


Fertilizer used 
per acre. 


Lbs. 
0 
500 
1000 
1500 
2000 


Number of 
experiments, 


to > hm OD 


Lowest. 


J 9 49 
© 00 =I = 
OCNwWH@ 


gi 


Coefficient of purity. 
——t 





8 


RASS 
mM Or © WY 


o 
ME 


Highest. 


Average, 


83.9 
82.1 
82.1 
82.5 
86.3 
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TABLE IX.—RESULTS OF APPLYING STABLE MANURE IN GROWING SUGAR 
BEETS, 1898. 


Amount 


of stable Yield of Average Distance 
manure trimmed Coefficient weight between 
applied and washed Sugar in of purity of beets beets Place of 
per acre. beets. beets. of juice. analyzed. inrow. experiment. 
Lbs. Per ct. ZS. In. 
Ae al le 20,425 15.2 85.2 16% 8 Station. 
ei tO0S... 5 6 25, 360 18.5 85.2 12 6 Station. 
PULSCOTG sc se 29,340 Ay ie? 86.2 13 8 Station. 
20 tons.... 28, 690 16.4 86.7 15 10 Station. 
20 tons.... 27,100 15.7 85.2 11 6 Station. 
PUSTONS. 0.0.0 ‘28, 854 16.2 85.7 12% 8 Station. 
20 tons.... 28, 6380 A OP 87.4 13 10 Station. 
PAI LOLS . « «0 29, 656 17.8 86.4 11 6 Station. 
STONE a: chals 29, 533 1/29 87.7 14 8 Station. 
20 tons..... 31, 944 Re ck 87.8 12 10 Station. 
RD seas hate 16,050 14.4 qe 18% 8 Fayetteville. 
1 Seger ee 18,022 15.5 82.0 16 8 Fayetteville. 
20 tons.... 23,514 18.2 81.3 814 8 Fayetteville. 
ZG ONS;\. «5 Zo, Omek Lk 78.8 11% 8 Fayetteville. 
BU TONS... 34 24, 780 me A 78.0 141% 8 Fayetteville. 
20 tons...é 25,485 14.3 79.0 11% § Fayetteville. 
oy) tons.>.% 27,034 L5es 80.3 151% 8 Fayetteville. 
20 tons.... 26, 750 EPO 87.5 12% 8 Fayetteville. 


TABLE X.—SUMMARY SHOWING EFFECT OF STABLE MANURE ON YIELD OF 


SuGAR BEETs, 1898. 
Yield per acre, 
———_ 








Amount of eo—_- = ee Sl), Hard. ee SE 
stable manure Number of Increased 
used per acre, experiments. Lowest. Highest. Average, average. 

Lbs. Lbs. Lbs. Lbs. 
Cee alate she Soa a di ohaiue 84 F 3 16,050 20, 425 18, 730 
SAP via sss «0, 6.016 <4 ‘ 15 23, 514 31,944 27,450 8, 720 


TABLE XI.—SuMMARY SHOWING EFFECT OF STABLE MANURE ON PERCENT-, 
AGE OF SUGAR IN SUGAR BEETs, 1898. 


Amount of sugar in beets. 
Number of ————————___+~— 





Amount of stable manure used per acre. experiments. Lowest. Highest. ~ Average. 
Per'et. Per ct. er Cte 

_ ASG Ro 2 eiearang a ae Gosei tie eee - 3 14.4 15.5 15.1 
POROUS sees Fic cc ced oeees es aatiecee 15 13.1 18.5 16.6 


TABLE XII.—SuUMMARY SHOWING EFFECT OF STABLE MANURE Upon Co- 
EFFICIENT OF PURITY OF SUGAR BEETS, 1898, 


Coefiicient of purity. 
a 





PAD Jw O8 ae SE ae 
Amount of stable manure used per acre. Lowest. Highest. Average, 
0 oeneeee eoeeneeeneeee eeeoeeseeoeve*eepeeee ee oseeeeeese ee Ges 85.2 82.6 


Apa Mh ied vad gist w Slade sts manivias Sandee tea e 78.0 Siesta oe we 
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EXPERIMENT OF 1899, 


This was similar in plan to those of 1898 and was conducted 
on the Station farm. As before stated, the crop was a failure 
on part of the plats, owing to a failure of the seed to germinate. 
Only on the check plat and on the plats to which farm manure 
was applied was there a uniform stand of plants. Because of 
lack of rain at critical times the crop was reduced below the 
normal. The seed was sown June 1 and the crop was harvested ° 
November 22. The plats were 1-36 acre in area. To avoid 
error, 20 beets from each plat were analyzed. 


TABLE XIII.—SvuGAR BEETS GROWN WITH STABLE MANURE, 1899. 


Yield Average Distance 
trimmed Sugar Coefficient weight apart 
Plat Stable manure applied beets in of 9) of 
No. per acre. per acre. beets. purity. beets. beets. 
Lbs. Per ct. Per ct. Ozs. In. 
DLPEM ID Sah Wis save Se =F > 15,840 14.8 84.2 10 oi 
DPD GONG. 6's 5's 5a > 25, 200 14.9 83.9 8 6 
1S) 20 YEODS. ss ss eles 23 , 400 13 4 85.9 8.7 8 
ESP TOUS... ...5% ove os 21,960 15.1 85.7 10.4 10 
EAU OL LILES clave aoe elo boke 22, 320 15.4 83.3 ey 6 
2 Cicn Ne OTS Geer teal ok. 22,320 15.5 84.6 9.5 8 
DE ue EOL S sass hc 3 9k 21,020 16 86 ge 10 
ADs AP ECT ys cae ata 23,940 15.8 86.9 Ci 6 
1D a ALOUS ets nmin 21,800 16.3 88.1 10.38 8 
BAD nc) VL COED El pall 6 nell 22, 680 15.8 90.2 tip hey 10 


TABLE XIV.—SuMMARY SHOWING EFFECT OF STABLE MANURE ON THE 
YIELD AND COMPOSITION OF SUGAR BEETS, 1899. 


Yield Sugar Coef. Distance 

beets in of apart of 
é Mauuring per acre. per acre. beets. purity. beets. 

Lbs. Per ct. Per ct. In. 
A) ci csters tae ide pile ia doi te denies tei [aA en 15,840 14.8 84.2 i 
Stable manure, 20 tonsS........... 23,820 15.4 84.7 6 
Stable Manurea co CODE. sen 5 bes m 22,507 15.8 86.2 8 
Stable manure, 20 tons... ..... s- 21,887 15.6 87.3 10 
General average for manure plats. on 15.6 86.1 és 


EXPERIMENT OF 1900. 


In the experiment of this year three varieties of beets were 
grown, the seed of which was supplied by the U. S. Department 
of Agriculture. Each variety was planted in triplicate plats 
with commercial fertilizers and the same with stable manure. 
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The time of planting was June 4 and of harvesting Nov. 23. The 
dimensions of the plats were 165x6% feet. Twenty beets from 
each plat were analyzed. 

The results appear in Tables XV and XVI. 


TABLE X V.—RESULTS FROM MANURING SUGAR BEETS, 1900. 


Yield Coef- Average 
trimmed Sugar Sugar ficient weight 
No. beets in in of of beets 
Plat. Variety of beets. per acre. beets. juice. purity. analyzed, 
Lbs. Per ct. Per ct. Ozs, 


PLATS WITH COMMERCIAL 
FERTILIZER, 1000 LBS. PER 
ACRE: 


1 Vilmorins Improved White... 42,568 ..... 15.9 . 88.6 19 
2 White Queen of the North... 39,629 ..... 16.1 &4.8 20 
8 Austrian Special Kleinwan- 
MLOTON GT Ree islsh!s suds. Sev eds Beye Se bs Mets 14.6 81.6 18 
4 Vilmorins Improved White.. 40,051 13.4 15.8 3 18 
5 White Queen of the North... 35,685 14.9 16.6°' & 18 
6 Austrian Special Kleinwan- 
BIGDONSH W'S) 6 EELS Oks STFLTL 143 25115 84.4 17% 
PLATS WITH FARM MANURE, 
40,000 LBs. PER ACRE: 
7 Vilmorins Improved White... 41,395 ...4. 1622 S37 bd | 
8 White Queen of the North.. 88,077 ..... Li. Gime 8552 19 
9 Austrian Special Kleinwan- 
; AOL) Cl Meade sieve) eel canon ciacere ¢ ANN OU ‘oes ws De tae An oo 19 
10 Vilmorins Improved White... 48,968 15.5 16.8 86.2 18 
11 White Queen of the North.. 38,784 15.4 17.5 838.9 19 
12 Austrian Special Kleinwan- 


MIGIGTGLA Mes a gia os oe. -3 ae 4, Shik: 14s Ea)) LEME) SS 20 


TABLE X VI.—SUMMARY SHOWING EFFECT OF MANURE UPON THE YIELD AND 
COMPOSITION OF SUGAR BEETS (BY VARIETI4S), 1900. 


Yield Sugar Sugar Coeffi- 
per in in cient of 
Varieties and manures. acre, beet. juice. purity. 
Lbs. Per ct. Per ct. 
COMMERCIAL FERTILIZER, 1000 LBS. PER 
ACRE: 
Vilmorins Improved White............. 41,310 13.4 1548 §3.3 
White Queen of the North..........:. seeliaey Doe 14.9 16:58 84.4 
Austrian Special Kleinwanzlebener..... 387,996 14.2 14.8 83 
STABLE MANURE, 40,000 LBS. PER ACRE: 
Vilmorins Improved’ White... ........... 42,681 15.5 16.4 85 
Wenite Queen of the, North. 2... os. s<s0us . 389,480 15.4 V5 84.5 
Austrian Special Kleinwanzlebener..... 42,700 © 14.7 15.9 84.6 
GENERAL SUMMARY: 
Beets with commercial fertilizers....... 38,979 14.2 15.6 83.6 
Beets with stable manure. .....eeee eee 41,604 15:2 16.6 84.7 
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EXPERIMENT OF 1901. 


The seed of the two varieties of beets came from the U. S. 
Department of Agriculture. Each variety was planted in dupli- 
cate on both commercial fertilizer and farm manure plats 


TABLE XVII.—RESULTS OF MANURING SuGAR BEETs, 1901. 


Yield ficients 


of of Av. 
beets Sugar Sugar purity weight 
Plat. per in in o beets 
No. Variety and treatment. acre. beets. juice. juice. an’lyz’d 
Lbs. Per ct. “Per ct. Ozs. 


DeEP’T No. 6359, MEYERS FRIEDE- 
RICKSWERTER: 
1 80,000 lbs. stable manure per acre. 40,710 13.2 14.9 
2 1000 lbs. commercial fertilizer..... 36,660 12.3 16.5 


ie) =] 

% & a 

Oa 
i 
tS 
Ny 


8 No manure....... Sehr x4 eee a eee cece e Linn aie 

DEpP’T No. 5772, DIPPES GERMAN: 
4 80,000 lbs. stable manure per acre. 33,570 13.4 18.6 80 13.1 
5 1000 lbs, commercial fertilizer..... 28,190 15.6 20.7 87.7 12 


TABLE XVIIJI.—SUMMARY SHOWING EFFECT OF MANURES UPON YIELD AND 
COMPOSITION OF SUGAR BEETS, 1901. 


Yield Sugar Sugar Coef- 
of beets in in ficient of 
per acre. beets. juice, purity. 

Lbs. Per ct. Per ct. 

ING NETIUNOS SS 5 nics pies a's 6 poles ate stale aieie.s nme) paces sisi | aT it: 82.9 
1000 lbs. commercial fertilizer.......... 32,425 13:9 18.6 85.7 
80,000 lbs. stable manure. .....cseccoeees 37,140 13.3 tose 719 


In this experiment the commercial fertilizer used was similar 
to that applied in former years, both in kind and quantity, but 
the stable manure was increased from 40,000 to 80,000 Ibs. per 
acre. This was an excessive application of an animal manure, 
twice as much as what most farmers would consider a liberal 
quantity. Fifty beets from each plat were analyzed. Tables 
XVII and XVIII show results. 


DISCUSSION OF RESULTS. 


These experiments, which have been carried through four 
years, have included the growing of beets from high grade seed 
from various sources, at least six different varieties (names) 
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being present. The main question at issue in this work has 
been the effect of commercial fertilizers and stable manure upon 
the manufacturing value of the beets, with especial reference 
to the possibility of depressing the quality of beets by growing 
them on land to which stable manure has been freshly applied. 

A determination of the percentages of sugar and of the 
coefficients of purity has been the means of judging of the 
quality of the beets grown. No determination has been made 
of the character of the non-sugars present in the juice. If beets 
may be standardized as to quality by the proportion of sugar 
in them, together with the coefficient of purity, then the conclu- 
sions to be drawn from the data herewith presented are plainly 
indicated. Attention is directed to the figures of the preceding 
tables but more especially to the general summary in Table 
Be LX, 


TABLE XIX.—GENERAL SUMMARY OF RESULTS SHOWING THE INFLUENCE OF 
MANURE UPON THE QUALITY OF SUGAR BEETS, 1898-1901. 


No manure. Commercial fertilizer. Stable manure. 

Sugar Sugar _ Coef- “su gar Su ei Coef- Sugar Sugar _ Coef- 
in in ficientof in in ficient of in in ficient of 

Year grown. beets. juice. purity. beets. juice. purity. beets. juice. purity. 

Per ct. Per ct. PET Cts Ler Cts Per ct. Per ct. 

Bees tatoo ey 2) i e's.) BO. LO e eayeidl steele Sie Ve ees 86.5 
1898, Dawley 15.6 ..... 81.6 °15 rien TD.4 °°" 15.9 shannte 80.8 
BOUT. siales's 14.8 16.2 84.2 Sen oer states 1526 OLT SO. Soak 
TOOD DAS isis & Pe A te che ehe ot ohh dE ESOS © Bore TD See LG eA Re oT 

21 a Lda ae kok bthee O hee, Dob 193 Oliv Behe hy Saeko us bie 16'S tre bo 


The data here presented are strikingly opposed to what is 
regarded as the orthodox method of manuring sugar beet land. 
It so happens that, with the exception of the crop of 1901, not 
only does the stable manure fail to depress the quality of the 
beets, but the crops grown where it was applied in the spring 
show a higher percentage of sugar than where commercial ferti- 
lizer was used or where no manure was applied. In 1901 the 
percentage of sugar was but little lower but the coefficient of 
purity appeared to drop. In this case the stable manure was 
used in an excessive quantity. 
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TABLE XX,.—INFLUENCE OF MANURES ON THE RELATION OF THE ROOTS AND 
Tors oF SuGAR BEETs, 1900, 1901. 
Experiment 1900. Experiment 1901. 


Se a 
Weight Weight Per ct. Weight Weight Per ct. 
No.of beets beets weight No.of beets of beets weight 


beets with without of beets with without of 
Treatment. w’hed. tops. tops. roots. weighed. tops. tops. roots. 
Ounces. Ounces. Per ct. Ounces. Ounces. Per ct. 


Commercial fertilizer 
plats: 














Plat (2) OM) er at. os 40 OV AGL GT 229576 61 55 (\952) RTS aes 
Plate OL) u's nbeateren 20 409 3809. 75.5 55 839 698 83.2 
ECLA tee Note ate atone gee bie ns 20° 3BO0 | 284 ei ove 
PIA e Ligh suet eure ees my apt MeO Tae ‘ 
Plate) % > ecw etic kes . 20; wabinwee) Tes . 
I et FSA Oa See RD REA Sy a Be 20. 365, 297 81.4 ae eS 
PVCTASS Gh cih leis tie bile S ores lain ele oy tio fa eue dt of Opes site $2.4 

Stable manure plats: 
i Bat Fk Rpt Ba Ay Dee 40 S37) SiG. - Sut 55 926) -(G0ueoce 
Plats 4, B01) Co ass 4) “TE? GID 196 Bo “881 "Ta07 aaa 
Pate Leeks Whey is .0is © Saape sh 40 \ 158631. 6267652 
PURE AO wok ie cats eile 20. |) 3354). “268m Tees 4 
1 EAESE sha be Rae ytlag eke Pa AER RD 20° Sl8y 208.75 oe ee 
PIlaE 2 rare & ent e tae Bre 20 12435 «a S220. 0D 4 

SA VELULE ve 56s st he sien ute ais inn yeis obit 78.3 cos 9 6) a) ota g bene 

NO MSLUUZERAS WLUNIL) pmedaiin cn ty Patients 55 y-- O51 786 GS2r6 
Single beet, commercial 

TETULZers. Gules cee A8eT Th Be lee) LO ee) ee ee 
Single beet, stable 

Manure iene sper sweortisese ALOs0 8O0iD Piss 6 seks BAU te Um 


Some indication of the relative effect of the two kinds of 
manures may be gained from knowing the relation by weight 
of roots and tops. In 1900 and 1901 carefully selected beets 
from all the plats were weighed before and after trimming. 
The results of these weighings are given in Table XX. 

It does not appear from the above data that stable manure 
induced an excessive growth of leaves as compared with com- 
mercial manures. 

It is fair to inquire if, in the nature of things, there are 
good reasons for expecting results different from those detailed 
here. Why should plant food derived from stable manure cause 
growth unlike that sustained by chemical manures? While we 
cannot enter into all the secrets of the life of the plant, sucha 
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specific difference does not appear to be rational. It does not 
appear in the experiments here recorded that the yield of beets 
was greatly larger with 40,000 to 80,000 lbs. of stable manure 
per acre than with 1000 Ibs. of commercial fertilizer. It seems 
extremely probable that if a fresh application of stable manure 
ever causes the ranker vegetative growth, this result must be 
attributed either to the larger quantities of fertilizing ingredi- 
ents which are usually supplied in comparison with chemical 
manures, or to the modifying influences upon the soil of its 
organic matter as affecting texture and water holding power. 
Granting that the excessive amounts of nitrogen and other ele- 
ments of plant food contained in the usual application of stable 
manure are sometimes the cause of too rank growth, then the 
use of less manure will modify this effect which is undesirable 
with some plants. In case the better texture and greater water 
holding power that the manure induces, and which are so desir- 
able conditions to secure for most soils, are the explanation of 
the great vigor of the plants, it would not seem wise to with- 
hold the manure, but to control the character of the growth by 
regulating the quantity of manure and number of plants on a 
given space and by other means. 

The evidence which this bulletin presents shows clearly that 
under the conditions involved, stable manure was freely applied 
to the beet land in the spring just before planting the seed 
without injury to the quality of the beets. 

If this proves to be true in general, no time limitations are 
to be placed on the use of such manure, and sugar beet produc- 
tion will not demand of the farmer an annual expenditure of 
cash for commercial fertilizers because they are a necessity in 
this line of farming. 


COMMERCIAL FERTILIZERS FOR ONIONS.* 





W. H. JORDAN AND F. A. SIRRINE. 


SUMMARY. 


(1) Experiments in the use of different quantities of a com- 
plete fertilizer in growing onions were conducted at Florida, 
Orange county, N. Y., for four years on the same field and for 
one year on a field of another farm. 

(2) The quantities of fertilizer used were 0, 500 Ibs., 1000 Ibs., 
1500 lbs. and 2000 lbs. per acre. 

(3) On the Purdy field (four years), when only 500 Ibs. of fer- 
tilizer was used, the manure cost of the increase of crop was 
16.6 cts. per barrel; with 1000 Ibs., 79.3 cts.; with 1500 lbs., 80.4 
cts., and with 2000 lbs., 227.8 cts. 

(4) The profit from using the fertilizer came mostly from the 
first 500 Ibs. applied, averaging $35.84 per acre. With onions 
at $1.25 per barrel the profit was slightly larger (about $3 per 
acre) with both the 1000 lbs. and 1500 lbs. of fertilizer per 
acre; but 2000 lbs. was used at a loss. 

(5) On the Mars field one experiment was conducted which 
showed no increase of yield from applying commercial fertilizer 
,cven in the larger quantities. 

(6) The results of these experiments show clearly that the 
crops were limited more by other conditions than by the extent 
of the plant-food supply. With the best conditions of season 
and water supply the smallest amount of fertilizer supported 
the maximum crop. . 





*A reprint of Bulletin No. 206. 
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(7) Considering the varying market price of onions from one 
year to another and the various vicissitudes to which the crop 
is subjected, the use of the larger quantities of fertilizer (above 
500 Ibs.) was attended by danger of financial loss, 


GENERAL CONDITIONS. 


Experiments and investigations were begun by the Station in 
the Second Judicial Department of New York in the year 1894. 

One of the conditions of practice prevalent in that portion of 
the State, especially with the market gardeners and potato and 
onion growers, was the excessive use of commercial fertilizers. 
The application of one ton or more per acre of a high grade, 
complete fertilizer was frequently observed. 

Reasoning from general facts, it did not seem clear that such 
a large expenditure for commercial plant-food was justified from 
the standpoint of profit. In order to determine the correctness 
of this view, field experiments with fertilizers on potatoes were 
begun on Long Island in 1895, which were continued until 1900, 
during the last four years of which time observations were made 
on four farms located at different points in potato growing dis- 
tricts. The general outcome of these experiments was to show 
that, so far as profit from the potato crops was concerned, the 
use of 1000 lbs. of fertilizer per acre was more profitable than 
the use of 500 Ibs., 1500 Ibs. or 2000 Ibs. 

In 1898 similar observations were begun at Florida, Orange 
County, on the use of commercial fertilizers in growing onions. 
These have been continued each year since, the experiment of 
1901 being regarded as concluding the series. 


THE EXPERIMENTS. 
PLAN, 


In these experiments, conducted for four years on one farm 
(Purdy field) and for one year on another (Mars field), approx- 
imately one acre of land was utilized in each locality. This acre 
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was divided into ten plats, which were treated in accordance 


with the diagram shown below. 
ARRANGEMENTS OF PLATS IN 


; ONION FERTILIZER HXPERI- 
ment was continued for four years,  yrenrT. 


On the field where the experi- 


each plat received the treatment as 





° ° e 1. 

indicated each year of the entire No fertilizer. 

time, with the exception noted : 

under “ Fertilizers used.” 500 Ibs. fertilizer per acre. 


Z. 
aye) vtilivar 7a . 
FERTILIZERS USED. 10600 lbs. fertilizer per acre. 
ae 


The fertilizer was applied annu- : 
1s 1500 lbs. fertilizer per acre. 





ally. For three years it was com- 
pounded in accordance with the j 2900 Ins. medi ited per acre. 
formula for some time so popular : 
with Long Island farmers, viz.: No ferblices 
i: 
500 Ibs. fertilizer per acre. 


four per ct. nitrogen, eight per ct. 
phosphoric acid andten per ct. 


potash. In 1901 the potash was 8 


changed to five per et. 1000 lbs. fertilizer per acre. 


Crimson clover was sown on the ad Qe 
: 1500 Ibs. fertilizer per acre. 
Purdy field in August of 1900, : 
which grew to a’ height of from 10. 


cae) i 2000 Ibs. fertilizer per acre. 
four to six inches and was plowed wii ol i 


under the very last of November. With this exception the fer- 
tilizer was the only means employed of adding fertility to the 
land, other than the usual cultivation. In 1901 no fertilizer was 
applied to plats 6 to 10 of the Purdy field. 





LOCATION AND CONDITIONS OF THE EXPERIMENTS. 


The location of the experiments was at Florida, Orange county, 
N. Y.,a region where onion growing is an important industry. 
The soil is the kind so highly regarded by onion growers, being 
black, peaty and friable, with a water table about two feet below 
the surface, except in the time of a severe drought. Such soil 
appears to allow the continuous production of the same crop 
without the appearance of the unfavorable conditions which 
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follow with most soils where a rotation of crops is not practiced. 
During the course of the experiment insect and fungus troubles 
and excess of water caused more or less damage, the instances 
of which will be mentioned in the proper connections. 

As stated, two fields were used, the Purdy field for four years 
and the Mars field for one year. In 1897 the former field pro- 
duced a crop of onions, receiving a small application of commer- 
cial fertilizer. Previous to 1897 the crops had been grass, corn 
and potatoes. The Mars field had been generously manured in 
previous years. 

NOTES. 

In the conduct of these experiments approved methods of cul- 
ture were followed at the hands of experienced onion growers. 
The fertilizer was sown broadcast before the drilling of the seed. 
The planting generally occurred late in April and the harvesting 
of the crop during the last half of August. 

Unfavorable conditions prevailed to some extent every year 
of the experiments. 

In 1898 Plat 10 of the Purdy field was flooded for a short 
time soon after the young plants made their appearance. Again 
in 1900 Plats 7, 8, 9 and 10 were partially flooded on two occa- 
sions, but this occurred late in August, not long before the 
crop was. gathered, and as the onions which had rotted were 
weighed, the figures given show the approximate yield. The 
crops suffered more or less every year from smut, mildew and 
the maggot, but the plats appear not to have been injured to a 
sufficiently unlike extent to seriously impair the accuracy of the 
_ work in measuring the yield. 

In 1900 and 1901 a mixture of sulphur and lime in the propor- 
tion of 2 to 1 by weight was sown with the seed at the rate of 
150 lbs. per acre. This was sown as a preventive of smut. 

Several tables follow showing the plat yield, the acreage yield 
calculated both in pounds and bushels and the outcome of the 
experiments considered from a financial point of view. 
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TABLE I.—YIELD OF ONIONS ON PURDY FIELD FOR Four YEARS, 1898-1901, 


Plat No. 


COMAN QAR WH HH 


— 


1 Size of Plats 1 to 9, .0794 acre; Plat 10, .0843 acre. 


BY PLATS, 
Yield per plats.4 
Quantity of fertilizer a 
per acre. 1898. 1899. 1900. 1901. 
Dhbs, Tbs. Lbs. Lbs. 

NOUS. sae ee iets ee 4 ye 404 823 170414 605 
HOOe TDS de Beek: nine wise! ts - 681% 1045% 2704 1257 
BOM) LPG pce e rately osu ise 702144 1148 28138144 1425 
LOUONTOS hth erature sie ss 6 831144 1416 2736 1423 
LOOOL IGS LP Sse Abele tera att 821 1382% 269814 1499 
IN OLE Shp we te lela nin dis he 602 858 2118 923? 
DUA) LIME sie aietaal ee @iatsre wie 693 1108 2665 a ry 
LODO DR AN TY am See 721 125914 26386 1212 
LO SLING SG a taca te clase ee ne 835 184144 2588% 1398? 
SACK) ALIS Nas ates oles Sb ie elt 814144 1298 2540 137? 


2 Plats 6 to 10 received no fertilizer in 1901. 
8 Calculated to yield for 0794 acre. 


eee eee 
Average. 


Lbs. 

906 
1422 
1522 
1601 
1600 
1125 
1396 
1458 
1541 
1599° 


TABLE II.—ACRE YIELD OF PURDY FIELD SHOWING INCREASE F‘ROM FER- 


Piat No. 


OmnNDAaA Rr WD 


ee 
com) 








Barrels.* 


76. 
119. 
127. 
134. 
134. 

94. 


117 


122. 


1? 
+ 
8 
dD 


52 
os) 
5 


129.4 


TILIZERS. 
 maricaliashos. 
Quantity of fertilizer 
per acre. Pounds. 
NODOW, ds sio.t eis an 11, 415 
GUO ADEA aie s 6 eee 17, 917 
1OOO TDs he iisied 08 AOS RTT 
1000 ADS F.% Beieehe oe 20,173 
POOO ADS si acest oe 20, 160 
INOMIE seh wilet ie wore eke 14,175 
HOOP STIS bs 46s Beale hte 17,590 
DOGO ADS sais puss. coe 18, 371 
1500 lbs..... steve 19,417 
ZUOO TDS, Tay sad coe 20,147 





1 Barrel. 


150 lbs. 


134.3 








Average yield per acre for four years. 
ar 8 a ee 


NL Sy wa 
Increase for 


each addition 


Increase over 
no fertilizer. 


Bobls. 


34 


2 Average Plats 1 and 6, 85.3 bbls., taken as yield with no fertilizer. 


mb OR 


TABLE III.—AVERAGE YEARLY PROFITS PER ACRE FROM 
TILIZERS ON PURDY FIELD. 


Quantity of fertilizer Cost fertilizer idtretle af 
Plat No. used per acre. per acre. crop. 

2 DOO LSS Gi asine iss $6.25 $42.62 
BLOOD DBKe s cabenes 4 12.50 53.12 

ee LOU MADE sone ce 18.75 61.50 
DOO LGC ih wich 25.00 61.37 

4 SOO TLDS Ae. bie asf 4.69 40.00 

>. AM MGS 4 sero nes . 9.3 46 .50 

ot OOO SIR. sates ei6 ° 14.06 55.12 

10 2000 ibs..... owie 18.75 61.25 


of 5 


00) Ibs. 


fertilizer. 
Bobls. 


3 


o> 00 1B 
Coie cs 
ake 


me OD OF ly 
ov vy 


UsE oF FER- 


Profit for 
each addition 

Profit from of 500 lbs. 
fertilizer. fertilizer. 
$36.37 $36.37 
40.62 4.25 
42.75 2oke 
36.37 —6.38 
$5.31 85. 31 
Bistoa 1.82 
41.06 oto 
42.50 1.44 
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AVERAGES FOR PAIRS OF PLATS, 
Profit for 


Value each addition 


Quantity of fertilizer Cost fertilizer increase of Profit from of 500 Ibs. 

Plat No. used per acre. per acre. erop. fertilizer. fertilizer. 
eee 6 OWN) TDS. e's owe oe $5.47 $41.31 $35.84 $35.84 
end? St 1000) Ibees 052 2% 10.94 49.81 38.87 3.03 
Men LOO DS.) . t/e's sale d 16.41 58.31 41.90 3.03 
De ZOU LDS ii sso ssa 21.87 61.31 39.44 —2.46 


Notts —Fertilizer reckoned at $25 per ton and onions at $1.25 per barrel. 
No fertilizer on Plats 6 to 10 in 1901. 


TABLE IV.—FERTILIZER COST OF INCREASED YIELD OF ONIONS FROM USst& 
OF FERTILIZERS. 


Fertilizer 
Average cost per bbl, # 
Average increase vield Fertilizer of increase 
total for each coat. each from each 
Quantity fertilizer Acre cost of increase addition 500 bbl. increase addition 5V0 
per acre. fertilizer. of vield. lbs. fertilizer. onions. lbs. fertilizer. 
Boils. Bobls. Cents Cents. 
MARMOT OS:, 4 sc 006 $5.47 33 33 16.6 16.6 
1000 Ibs.:.... ve 10.94 39.9 6.9 27.4 79.3 
BOO IDSs. ee 16.41 46.7 6.8 Sul 80.4 
SRL SLOSS fs oleae yA oY! 49.1 2.4 44.5 221.8 


TABLE V.—YIELD OF ONIONS ON MARS FIELD, ONE YEAR, 1900. 


Excess yield 


Quantity of fertilizer Yield Yield Yield from 
Plat No. per acre. per plat. per acre. per acre. fertilizer. 
Lbs. Lbs. Bobls. 
Wis INOTG pcre tscebee Ula « gage ce es O 29,465 196.4 
PE OM MTs esc Gee 0c AR ey 29,470 196.5 
eT) LOS cdt < ¢.e ace. 7 GUOU.O 80, 605 204 
BAUDOO MSs andes S117 31,170 207.8 
eM LSC tat a peiunees Ly, 5 Pes | Saye bs. 203.4 
GPENUNGNS Galae oe dona os 2866.5 28, 665 191.1 
MROOOMDS See Ua. cies hee | BOATISO 30,475 203..2 
Pee LOO LISS @ S ice dtr 2775.5 27, (05 185 
SE POU USt as cs tis 80 Vege y Yi 24,918 166.1 
TIED AAMAY LDS sed e's ce see, hatha 25, 925 172.8 
SUMMARY. 
Bobls. Bbls 
PC UNGDGs: FVOUALC As a'aid 5, o\el' 68's) w Dias. obi otia 193.7 
PeeITC CPOE LIS y EVOL LR. c's ss as lcs ela wa ween ee : 199.8 6.1 
ees AT Se) A VETASO 6. ca wees ac Ve cee eens ¢ 194.5 8 
eee OOOO 1s, ) AVELAe &. vig as aard 6 eke a 186.9 —6.8 
fee) 2000 IDS... AVETALE. ws gece cc vs scjee ages 188.1 —d.6 
RESULTS. 


See Summary, p. 247. 


In discussing the results herewith presented we should keep in 


mind the limitations of field experiments as to accuracy. 


If an 


experimental field could be selected having an entirely uniform 
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productive capacity in every part and untoward conditions such 
28 fungi and injurious insects were to affect one part no more 
than another, then we could measure with great accuracy the 
relative influence of different fertilizers or different quantities of 
the same fertilizer. Such desirable conditions as these are not. 
to be found. Only approximate accuracy is reached in field 
experiments, even under the most favorable circumstances; and 
for this reason the accompanying figures should not be taken as 
representing fixed or absolute relations. The experiments con- 
vey lessons, however, which appear to the writer to be plain. 

In the first place it is entirely clear that the limit of produc- 
tion as determined by season and other conditions outside of the 
supply of food was nearly reached in the Purdy field with the 
first 500 lbs. of fertilizer applied. This is equivalent to stating 
that the profits were mostly realized from the first 500 lbs. of 
fertilizer, the manure cost of the gain in yield being only 16.6 
cents per barrel. While with the increasing quantities of fer- 
tilizer used there was on the average a corresponding increase 
of crop, this greater production but very little more than paid 
for any application of fertilizer above 500 lbs. The data show 
that the additional yield of onions resulting from each 500 lbs. 
increase of fertilizer above the first 500 Ibs. had a fertilizer cost 
of $0.79 to $2.28 per barrel. The profits of such manuring are 
uncertain, depending upon market conditions. 

It is to be noticed, moreover, that the added growth due to the 
first 500 lbs. of fertilizer was not uniform in the different years. 
In 1800 conditions were favorable for an onion crop, a fairly 
large yield being secured, and the highest returns of any year 
were obtained from the commercial plant-food added to the soil. 
The year 1898 gave the smallest crop of any of the four. Com- 
paring the effect of the fertilizers in these two years, we see that 
500 lbs. of fertilizer caused an increase in 1900 of 64.6 bbls. of 
onions per acre and in 1898 only 11.7 bbls. It should be noted 
that in 1898 the yield, though small, was progressive with the 
increase of fertilizer, while in 1900 the yield with 500 Ibs. of fer- 
tilizer was as large as with the heavier manuring. All this 
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emphasizes the truth that the supply of plant-food is only one 
factor of crop production. Farmers often remark that ‘‘ fertil- 
izers are of little use in a dry year,” which is one way of saying 
that in order for any manure to exercise its maximum influence, 
other conditions such as temperature, soil texture and water 
supply must be favorable. It is evident, then, that considering 
the varying price of the marketable product, the close margin 
of profit from heavy manuring with fertilizers even with fairly 
good prices for the crop product, and the vicissitudes of the crop 
due to the limitations of season, the onion grower runs great 
risk of diminished profits when he uses 1500 and 2000 Ibs. of 
commercial fertilizer per acre. It should be remembered by 
growers of all crops that the largest yields may be the least 
profitable under certain conditions. 

It may be suggested that the consideration merely of the gross 
weight of onions produced does not fairly represent the fuli rela- 
tive influence of the several quantities of fertilizer, because the 
quality of the crop may be better with the heavier manuring. 
Data were secured from the experiment of 1901, the fourth year, 
which bear on this point. Attention is called to the figures of 
the next table. 


TABLE VI.—QUALITY OF ONIONS, Crop oF 1901. 


Yield Yield Percentage 
graded pickle of pickle 
Plat. Quantity of fertilizer. onions. onions. onions. 
Lbs. Lbs. Per ct. 
CSS S GE er Pee eae 526 79 13 
PEROT US ae dela sie ss '¢'s'e se eo ccccccccce 1218 38 3 
om L000 bss idee obte four aS Ade @bicase 1898 27 1.9 
So LOO). IDS ..0.0: 50 ata ale pisces. cd sake. 0 13879 44 3.1 
+) 4.3 


ANKE LDS vase 6 S¥devesnebeevecess “1484 65 


The proportion of small onions appears to be less where fer- 
tilizer was applied than where it was not, but not less with the 
heaviest manuring than with the lightest. 

In 1898 it was noticed that the onions where no fertilizer was 
applied weighed less per barrel than those from the manured 
plats and should be graded mostlyas scullions. The barrel weight 
seemed to be somewhat more where 1500 and 2000 lbs. of fer- 
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tilizer were applied per acre than where only 500 and 1000 Ibs. 
were used. 

Again, the question of the after effect of heavy fertilizing with 
purchased plant-food may well be introduced at this point. The 
experiments now considered furnish some evidence on this point. 
In 1901 no fertilizer was applied to Plats 6 to 10 of the Purdy 
field, crimson clover being turned under in the fall. An influence 
from fertilizers used in the three previous years is clearly indi- 
cated, as the yield from Plats 7 to 10 was considerably larger 
than on the check plat (No. 6) and nearly as large as on Plats 
2 to 5, which received the usual quantities of fertilizer. The atter 
effect of a chemical manure should be considered, therefore. 
Here we are again reminded that conditions other than the sup- 
ply of the compounds needed for growth limited the crop. 

The experiment on the Mars field should not pass unnoticed. 
The experiment was conducted in 1900 when a fairly large crop 
was secured, ranging from 188 to 199.8 bbls. of onions with the 
different quantities of fertilizer. The most noteworthy fact 
shown in this experiment is that the fertilizer, even in large 
quantities, failed to increase the crop. The average yield on the 
check plats was 193.7 bbls. and on the manured plats, 192.3 bbls. 

The comment of Mr. Sirrine, in immediate charge of the experi- 
ment, was that the owner of the land “‘ had used stable manure 
and fertilizers in such quantities during previous years that 
there was little need of fertilizer the present year.” Certainly 
an increase of available plant-food had no effect on the growth 
of the crop. It is suspected that this instance illustrates a mis- 
take in practice that is very frequently committed by farmers 
who follow intensive farming, viz.: the use of manure on soil 
already sufficiently charged with the available materials neces- 
sary to plant growth. 
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SAN JOSE SCALE INVESTIGATIONS, YIIL* 


VV. H: LOWER AND P. J. PARROTT. 


SUMMARY. 


Spraying experiments with emulsions of crude petroleum and 
water gave the following results: 

Winter applications of the emulsion containing 25 per ct. of 
petroleum and higher percentages seriously injured or killed 
peach trees. European plum trees and apple trees were unin- 
jured except by 40 per ct. and stronger emulsions. Cherry and 
pear trees were not injured by either the emulsified or undiluted 
petroleum. 

Spring applications of the emulsion of the same percentages 
resulted in serious injury to European plum trees by the undi- 
luted petroleum, slight injury by the 60 per ct., while the 40 
per ct. was harmless except to a number of old plum trees which 
had been somewhat weakened by disease. Peach trees were 
seriously injured by the 40 per ct. and stronger emulsions. 
Young cherry and pear trees were uninjured by the diluted and 
undiluted petroleum. 

Experiments to determine the percentage of petroleum re- 
quired to kill the hibernating scales resulted in a failure with 
the 25 per ct., while the 40 per ct. and higher percentages killed 
the scales in both the winter and spring series. But, as indi- 
cated above, 40 per ct. emulsion should be used only in spring 
a short time before the buds begin to swell; and not at any 
time upon peach trees. 

Fumigation experiments with hydrocyanic acid gas at 
strengths varying from .18 to . gram of cyanide per cubic foot 
of air space, resulted in practically no injury to apple, cherry, 





*A reprint of Bulletin No. 202. 
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pear and plum buds. Peach buds were uninjured by the gas at 
a strength of .22 gram, but showed indications of slight injury 
at .3 gram. Experiments in the winter (December) resulted in 
a failure to kill the scales with the gas at a strength less than 
.8 gram, while the spring experiments (early June) resulted in 
killing the scales with the gas at .18 gram. 


I. SPRAYING EXPERIMENTS WITH CRUDE PETROLEUM. 
INTRODUCTORY. 


Crude petroleum is one of the recent additions to the list of 
insecticides. It was first brought into prominence in this capac- 
ity by Dr. J. B. Smith’ of the New Jersey Agricultural Experi- 
ment Station. During his experiments nearly 4,000 fruit trees 
were treated, including the ordinary orchard fruits with the 
exception of cherry. The petroleum was used pure and mixed 
with 60 and 75 per ct. of water. The trees were treated at 
various times from January to March. Summarizing these ex- 
periments Dr. Smith states, in the bulletin previously referred 
to, page 20: “‘ Not a single case of injury to any tree treated in 
winter has been observed; on the contrary in a number of cases 
the oil seems to have acted as a stimulant, and the sprayed trees 
have shown greater vigor and better foliage than those 
untreated.” From his experiments Dr. Smith also draws the 
conclusion (page 21) that crude petroleum “is harmless to the 
most tender varieties and on the youngest trees.” 

These experiments were followed in 1900 by a somewhat less 
extensive series in West Virginia. In summing up the results, 
Prof. L. C. Corbett, under whose direction the experiments were 
made, states? that apple, peach and plum trees sprayed May 16 
Seemed to thrive under a treatment of 20 per ct. crude petro- 
leum. Also that none of the fruit or leaf buds were injured and 
that although the trees were infested before treatment no live 
scales were found on the treated trees. Experiments with undi- 
luted crude petroleum applied April 3 to badly infested Japanese 





*N. J. Agr. Exp. Sta. Bul. 138. 
"W. Va. Agr. Exp. Sta. Bul. 70, p. 373. 
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plum trees and in February to other varieties of fruit trees are 
considered as showing that undiluted petroleum does not injure 
fruit trees, although it may remain upon them for six months; 
also that it kills the scales when coming in contact with them 
and that it has given the most promising results of any of the 
insecticides that had come into use at that time. 

The experiments in this State by the State Entomologist, Dr. 
E. P. Felt, furnished one of the first published records of results 
with the insecticide in the north.2 A number of fruit and orna- 
mental trees were included in these experiments. The former 
consisted principally of wild cherry, peach, plum, pear, quince 
and crab apple. Twenty and twenty-five per ct. emulsions of 
crude petroleum and water were used as well as undiluted petro- 
leum. A1Il of the trees were sprayed in April. From these ex- 
periments Dr. Felt concludes that “the trees appeared to be 
uninjured by the insecticide* though possibly a little retarded, 
while a large proportion of the scales are killed and on some 
trees it would appear as though every one had been annihi- 
lated; ” also that the results with the 25 per ct. emulsion were 
not enough better to warrant the use of the higher percentage 
of oil and that owing to the serious injury to the trees treated 
with the undiluted petroleum its use cannot be recommended. 


THD PRESENT STATUS OF CRUDE PETROLEUM AS AN INSECTICIDE. 


The above review, which includes the principal experiments 
with crude petroleum yet published, brings out some points in 
which the results as reported do not agree. It will be noticed 
that Dr. Smith concludes that “straight” crude petroleum, of 
the right character and specific gravity, if properly handled, is 
harmless to the most tender varieties of fruit trees even when 
applied undiluted, and that it may be depended upon to kill the 
dormant scales when used undiluted or diluted with 60 or 75 
per ct. of water. 

While these experiments were supported in the main by those 
of Prof. Corbett, the experiments by Dr. Felt, although agreeing 





®‘New York State Museum Bul. 36 (Vol. 7), 
“Refers to the 20 per ct. emulsion. 
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with the Virginia results in that the 20 per ct. mixture killed 
he scales, gave very different results with undiluted petroleum. 
In this case, although the petroleum was of the required char- 
acter, testing 43°, it seriously injured or killed all the trees to 
which it was applied. 

From the above review and summary it appears that the exact 
effect of crude petroleum of the proper standard upon both 
scales and trees is not yet fully determined; hence further 
investigation is desirable. 


OBJECTS OF THE EXPERIMENTS. 


The experiments with crude petreleum reported in this bul- 
letin were undertaken principally with a view to adding further 
data as to its effect upon both scales and trees. Conflicting 
results with this insecticide in the hands of Western New York 
orchardists have also made a series of experiments in this sec- 
tion of the State desirable. 


CONDITION AND CLASSIFICATION. 


The experiments were conducted in a number of different 
orchards, all of them in western New York. In each case the 
condition of the trees was carefully noted. 

The crude petroleum used was purchased of the Standard Oil 
Company. It was dark green in color and had a specific gravity 
of 44°. 

An emulsifying pump of the type that emulsifies the oil and 
water at the nozzles was used in all of the experiments. The 
Spray was very fine and the emulsion thus made was excellent, 
the oil being so thoroughly broken up that it did not whoily 
separate from the water in the 1,000 cc. graduate in which the 
tests were made for over two days. 

To avoid error in the amount of oil applied the pump was 
frequently tested. These tests showed only very slight varia- 
tions in the percentages. 

Much pains was also taken to make the applications thorough 
and uniform. The spray was directed upon the tree until it 
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began to drip slightly. By so doing all of the emulsion that 
would adhere was applied to each tree. It is apparent that if 
less were applied it would be very difficult to tell whether the 
work had been thorough or not. On the other hand prolonged 
spraying and consequent over drenching would be merely a 
waste of material and would have practically no effect upon the 
quantity of petroleum that finally clings to the tree because the 
excess of emulsion does not adhere to it. Also if the machine 
emulsifies the oil and water as thoroughly as in our own experi- 
ence there will be no danger from free oil as the excess of emul- 
sion will drain off before separation can take place. Hence a 
tree sprayed to a moderate excess with an emulsion containing 
say 25 per ct. of petroleum would finally retain no more petro- 
leum than if sprayed merely to the dripping point. If, there- 
fore, the spray is directed upon each tree until its full capacity 
to hold the emulsion is reached, that is until it begins to drip, 
an amount of oil in proportion to the percentage indicated is 
practically maintained. However, it is to be noted that in the 
case of unusually rough or cracked bark or open wounds that 
would hold the emulsion the accumulation of oil may cause 
injury. It is also possible that, in case of over drenching, the oil 
that would soak into the ground might cause injury to the roots. 


CHARACTER OF CRUDE PETROLEUM. 


Crude petroleum is an oily, inflammable liquid varying in color 
from very dark brown to greenish tints. By refining it yields 
a number of valuable products including paraffin, lubricating 
and illuminating oils and a series of highly volatile oils. It is 
the heavier oils that make it especially valuable as an insecti- 
cide. Crude petroleum varies in appearance and composition 
according to the locality from which it was taken. The eastern 
oils are said to vary greatly from the western and most foreign 
oils, the former having a paraffin and the latter an asphalt 
base. The true indication of the safety of petroleum as an 
insecticide evidently depends upon its specific gravity; as it has 
been found that petroleum having a specific gravity of 43° or 
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above (Baumé oil scale at a temperature of 60° F.) is less likely 
to injure the trees than petroleum of a lower specific gravity, . 
although oils of a lower specific gravity have been successfully 
used in some instances, notably in Canada. 


REASON FOR EMULSIFYING THE PETROLEUM. 


A very thin film of petroleum covering the entire tree is all 
that is required to kill the scale. Theoretically, by using a very 
fine nozzle, the undiluted petroleum might be applied in a thin 
film but in practice it has been found very difficult if not impos- 
sible to make the treatment thorough without applying a 
dangerous and wasteful excess. For this reason emulsifying 
the petroleum with water is desirable as the tree can then be 
thoroughly wet without applying an excess of oil. 


SERIES I. EXPERIMENTS TO DETERMINE THE EFFECTS 
OF CRUDE PETROLEUM UPON SOUND TREES. 


ORCHARD I: PLUMS, PEARS AND CHERRIES. 


This orchard consists of 152 plum, 18 pear and 13 cherry trees. 
The plums consist of Monarch, Reine Claude and Quackenboss 
varieties; the pears Bartlett and the cherries Montmorency. 
The Reine Claudes, which include about one-third of the plums, 
are old trees that have been weakened by disease and decay 
but usually bear a small crop of fruit. The Monarch and 
Quackenboss trees are sound, especially the latter which are 
unusually vigorous. The orchard has been kept continually 
under high cultivation. 

Summaries of treatments and results in Orchard I are given in 
Tables I, Il and III. The checks, which are not given in the 
tables, consisted of a large number of trees of the same varieties 
in adjoining rows. In every case they showed no indications 
of injury during the winter. 

Weather during tests in Table I.—Winter treatment. Trees 
sprayed Dec. 22 to 24. Average temperature of the three days 
39°, cloudy. Weather during the week following usually cloudy 
with average temperature of 29°, 
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TABLE I.—WINTER SPRAYING IN ORCHARD I, 


Trees. Strength 
Number petro- 
Kind. treated. Age and description. leum. Results. 
Per ct. 
PLUM: 
Reine Claude. 7 Old, weakened by dis- 25 Two slightly injured, 
ease, remainder unin- 
: jured. 
Monarch ..... 4 Full bearing, sound... 25 No injury. 


Quackenboss. 6 Full bearing, sound 25 No injury. 
and unusually vig- 
~ orous, 


Reine Claude. 8 Old, weakened by dis- 40 Four seriously in- 
ease. jured, remainder 
slightly. 
Monarch ..... 5 Full bearing, sound.. 40 All slightly injured. 
Quackenboss. 6 Full bearing, sound 40 All slightly injured. 
and unusually vig- 
orous. 


Reine Claude. 8 Old, weakened by dis- 60 Five dead and three 
ease. seriously injured. 
Full bearing, sound.. 60 All slightly injured. 
Full bearing, sound 60 All slightly injured. 
and unusually vig- 
orous. 


Monarch ....-~ 
Quackenboss . 


Co O> 


Reine Claude. 6 Old, weakened by dis- 100 All dead. 

ease. 

Monarch ....» 7 Full bearing, sound.. 100 Three dead, remain- 
der seriously  in- 
jured. 

Quackenboss. 6 Full bearing, sound 100 All seriously injured. 

and unusually vig- 


orous. 
PEAR: 
Bartlett ...... 3 One year planted, vig- 25 No injury. 
orous. 
Bartlett ...... 3 One year planted, vig- 40 No injury. 
orous. 
Bartlett ...... 1 One year planted, vig- 60 No injury. 
orous. 
Bartlett....... 1 One year planted, vig- 100 No injury. 
orous. 
CHERRY? 
Montmorency. 2 One year planted, vig- 25 No injury. 
orous. 
Montmorency. 2 One year planted, vig- 40 No injury. 
orous. 
Montmorency. 3 One year planted, vig- 60 No injury. 
orous. 
Montmorency. 2 One year planted, vig- 100 No injury. 
orous. 


Weather during tests in Table IJ.—Spring treatment. Trees 
sprayed April 18. Temperature 52°, cloudy. Weather during 
the week following usually cloudy with average temperature 
of 48°, 
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TABLE II.—SPRING SPRAYING IN ORCHARD I, 








Trees. Strength 
oe A ees of 
Number petro- 
Kind. ueated. Age and description. leum. Results. 
Per ct. 
PLUM: . 
Reine Claude. 6 Old but usually bear 25 ‘Two dead, three seri- 
a small crop. . ously injured. 
Monarch sta. 5 Full bearing, sound.. 25 Uninjured. 
Quackenboss.. 3 Full bearing, unusu- 25 Uninjured. 
ally vigorous. ; 
Reine Claude. 4 Old but usually bear 40 Three dead, one seri- 
a small crop. ously injured. 
Monarch ...e. 5 Full bearing, sound.. 40 ‘Two slightly injured, 
remainder unin- 
jured. 


Quackenboss.. 8 Full bearing, unusu- 40 Uninjured. 
ally vigorous. 
Reine Claude. 4 Old but usually bear 60 All dead. 
a.small crop. 
6 Full bearing, sound.. 60 Two dead, remainder 
seriously injured. 
3 Full bearing, unusu- 60 Slightly injured. 
ally vigorous. 


Monarch ..... 


Quackenboss.. 


PEAR: 
Bartlett ....6. 1 One year planted, vig- 25 Uninjured. 
orous. 
Bartlett ...... 1 One year planted, vig- \60 Uninjured. 
orous. 
CHERRY: 
Montmorency. 2 One year planted, vig- 40 Uninjured. 
orous. 
Montmorency. 1 One year planted, vig- 60 Uninjured. 
orous. 


Time of tests in Table I7I.—Winter and spring treatment. 
Trees sprayed Dec. 24 and April 18. 


TABLE IIJ.—WINTER AND SPRING SPRAYING IN ORCHARD I, 


Trees. Strength 
———— eee, of 
Nuwber petro- 
Kind. treated. Description. leum. Results. 
Per et 
PLUM: 
Quackenboss.. 38 Full bearing, unusu- 25 Uninjured. 
ally vigorous. 
Reine Claude. 1 Old, but usually bear 40 Dead. 
a small crop. 
Monarch ..... 1 Full bearing, vigor- 40 Dead. 
ous. . 
Monarch ..... 3 Full bearing, vigor- 60 Dead. 
ous. 
Reine Claude. 2 Old, but usually bears 100 Dead. 
small crop. 
Monarch ...e. 1 Full bearing, vigor- 100 Dead. 
ous. 
PEAR: 
Bartlett ...... 1 One year planted, vig- 40 Seriously injured. 
orous. . 
Bartlett ...... 1 One year planted, vig- 60 
orous. é Dead. 
CHERRY: 


Montmorency. 8 One year planted.... 40 All seriously injured. 
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SUMMARY FOR ORCHARD I. 

In the winter treatment (Table I) none of the healthy plum 
trees showed evidence of injury by the 25 per ct. emulsion but 
all were injured and some killed by the 40 per ct. and above. 
In all cases the old trees (Reine Claude) were more sensitive to 
the treatment than thé others, some of them being injured by 
the weakest emulsion, half of those treated with the 4 per ct. 
seriously injured and all killed or seriously injured by the 
stronger emulsion and the undiluted petroleum. The younger 
trees, Monarch and Quackenboss, especially the latter, stood the 
treatment better, being uninjured by the 25 per ct. and only 
slightly by the 40 per ct. emulsion. The pears and cherries were 
uninjured. 

The spring treatment (Table II) shows ¢ven more serious 
injury to the Reine Claudes than the winter treatment but the 
other varieties consisting of younger trees were less affected 
being uninjured by the 40 per ct. and only slightly by the 60 
per ct. emulsion. Both the pears and cherries were uninjured 
by the highest percentage of petroleum (60 per ct.) used in this 
series. 

As was to be expected the winter and spring treatments com- 
bined (Table III) caused more serious injury than either of the 
single applications. The Quackenboss was the only variety 
treated with 25 per ct. emulsion and the trees were not in: 
jured. Reine Claudes and Monarchs were treated with the 
higher percentages with the result that every tree was killed. 

From these results it appears that the spring treatment was 
Slightly less injurious than the winter treatment while the two 
combined proved fatal except with the 25 per ct. emulsion, 
The 40 per ct. and stronger emulsions caused so much injury 
to the plum trees as to indicate that they are dangerous. The 
only exception was the Quackenboss trees which were uninjured 
by the 40 per ct. although unable to withstand the higher 
percentages. The lack of injury to the pear and cherry trees 
even by the undiluted petroleum indicates strongly that these 
trees are much less susceptible to crude petroleum than the 
plums. 
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SERIES II. SPRAYING EXPERIMENTS TO DETERMINE 
THE EFFECTS OF CRUDE PETROLEUM UPON 
HIBERNATING SCALES. 


The experiments of this series were conducted in Orchards 
Il, III and IV. | 
ORCHARD II: PEARS. 


The experiments of Series II were begun in this orchard 
which consists of 101 pear trees, nearly all of which are standard 
Bartletts. The trees were planted about six years ago and 
except for the first two years have received but little care. 
During the past four years the orchard has been in sod. It is 
quite probable that some of the trees were infested when 
planted but the scale was not noticed until the spring of 1898. 
When the experiments were begun in 1900 most of the trees 
were extensively infested, many being encrusted on the trunk 
and larger limbs. Before the experiments were begun they 
were carefully trimmed and the orchard was divided into two 
sections. The first, containing 54 trees, was treated with crude 
petroleum, and the second, containing all of the remaining trees, 
except a few reserved for checks, with hydrocyanic acid gas as 
noted in a subsequent section of this bulletin. 

Summaries of the spraying experiments and results in this 
orchard are given in Tables IV, V, VI and VII. The check 
trees are not recorded in the tables. In every case the scales 
had multiplied rapidly. The live ones were abundant upon both 
the new and old growth. 
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Weather during tests in Table IV.—¥Fall treatment. ‘Trees 
sprayed Oct. 23. Temperature 64°, cloudy. Weather during the 
week following usually bright, with average temperature of 59°. 


TABLE LV.—FALL SPRAYING IN ORCHARD II, 








Lreetie Strength 
Pa ee he ee eect of 
Number petro- 
Kind, treated. Degree of infestation. jeum. Results. 
Per. ct. 
PEAR: . 
Bartlett ...... 2 Both extensively? in- 25 Scales not affected, 
fested. trees uninjured. , 
( 1 Extensively  in- 
| fested. 
Bartlett ...... 24 f 40 Scales dead, trees un- 
i 1 Moderately  in- injured. 
[ fested. J 


2‘ Extensively infested” as nsed in this and other tables means that the trees were encrusted 
on parts of the trunk and some of the larger limbs. Moderately and slightly infested mean to a 
less degree. 


Time of tests in Table Vi—Winter treatment. Trees sprayed 
Dec. 24. 


TABLE V.—WINTER SPRAYING IN ORCHARD II, 


Trees. ibe he 
-—_—_—_——— Sh 0 
Number petro- 
Kind. treated. Degree of infestation. leum. Results. 
Per ct. 
PEAR: 

Bartlett ...... 4 i Extensively, 1 mild- 25 Scales not affected. 
ly and 2 slightly in- Trees uninjured. 
fested. 

Bartlett ...... 4 2 Extensively and 2 40 Scales dead.* Trees 
slightly infested. uninjured. 

Bartlett ...... 4 3 Extensively infested 60 Scales dead Trees 

| (2 nearly dead), 1 uninjured. 


moderately infested. 
Bartlett ...... 4 38 Extensively infested 100 Scales dead. The two 


(2 nearly dead), 1 trees most seriously 

moderately infested. infested were killed 
the others slightly 
injured. 





3On some of the trees sprayed with the high percentages of crude petroleum an occasional 
live scale was found, but as they were always upon some small twig that might easily have 
escaped thorvugh treatment they were not considered ag affecting the results, 


1 ; 


- 
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Time of tests in Table VI.Spring treatment. Trees sprayed 
April 18. 


TABLE VI.—SPRING SPRAYING IN ORCHARD II, 














Trees, Strength 
oF pee tee Ee << toe Read By of 
Number petro- 
Kind. treated. Degree of infestation. leum. Results. 
Per ct. 
PEAR: 
Bartlett ...... 4 2 Extensively and 2 25 Seales not affected. 
mildly infested. Trees uninjured. 
|B} rR wil Css & 4-2 Extensively and 2 40 Scales dead. Trees 
mildly infested. uninjured. 
\ Bartlett ...... 4 3 Extensively and 1 60 Scales dead. Trees 
mildly infested. uninjured. 
Bartlett ...... 4 All mildly infested... 100 Scales dead. ‘Trees 
uninjured. 


Weather during tests in Table VIT.—W inter and spring treat- 
ment. Trees sprayed Dec. 8 and April 18. Dec. 8 temperature 
29°, cloudy. Weather during the week following alternating 
cloudy and fair with average temperature of 22°, 


TABLE VII.—WINTER AND SPRING SPRAYING IN ORCHARD II, 








Trees. ye 
< Number pater AF 
Kind. treated. Degree of infestation. leum. Results. 
Perret. 
PEAR: 
Bartlett ...... 8 1 Extensively and 2 25 Scales’ show slight 
mildly infested. effect of treatment. 
\ Trees uninjured. 
BS UGtitieete ct 4 2 Moderately and 2 40 Seales dead. Trees 
slightly infested. uninjured. 
Bartlettpeskis ae 4 2 Moderately and 2 60 Scales dead, 1 tree 
slightly infested. dead, 1 nearly dead 
and 2 seriously in- 
jured. 
Bartlett ese 4 4 1 Extensively and 3 100 Scales dead, 8 trees 
moderately infested. dead, 1 nearly dead. 


SUMMARY FOR ORCHARD II. 


The experiments in this orchard indicate that the 25 per et. 
emulsion cannot be depended upon to kill the dormant scales, 
while the 40 per ct. emulsion gives satisfactory results. The 
power of the pear tree to resist the injurious effects of crude 
petroleum is also indicated. There was no apparent injury to 
any of the trees sprayed once, although many were much weak- 
ened by the scale, except in one case where the trees were nearly 
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dead at the time time of spraying. These trees were killed by 
the undiluted petroleum (Table V.). The trees sprayed twice 
(Table VII), with 60 per ct. and undiluted petroleum were 
killed or seriously injured in every case. But those receiving 
the weaker emulsions, 25 and 40 per ct., were uninjured in- 
dicating that pear trées may be sprayed twice, once during the 
winter and once during the early spring with a petroleum emul- 
sion strong enough (40 per ct.) to kill the scale without being 
injured. 
ORCHARD III: APPLES. 


This orchard consists of thirty-two Baldwin apple trees in full 
bearing. All were infested but none sufficiently to be seriously 
weakened. They have been well cared for and, except for the 
scale, are in good condition. 

The experiments were undertaken principally to ascertain 
whether large trees moderately infested with the scale could be 
satisfactorily treated with crude petroleum. The trees were 
too large to make thorough spraying practicable without severe 
pruning. ‘They were therefore cut back severely in October and 
finally sprayed, with the results shown in Tables VIII and IX. 


Weather during tests in Table VIII.—Winter treatment. Trees 
sprayed Dec. 20 to 22. Average temperature of the three days 
oo°. 


TABLE VIII.—WINTER SPRAYING IN ORCHARD ITI, 








Trees. Strength 

rm ode ee ae ee Ee ee ee ne ot 

Number petio- 
Kind. treated Degree of infestation. leum. Results. 

Per ct. 
APPLE: La is gee) Ss} E 

Baldwin ..... 8 1 Extensively, 8 mod- 25 Scales not affected. 
erately and 4 slight- Trees uninjured, 


ly infested. 

Baldwin ..... 8 1 Extensively, 2 mod- 40 Scales dead, except 
erately and 5 slight- on some of the 
ly infested. small branches 

where many live 
ones were found. 
5 trees dead, re- 
mainder seriously 
injured. 
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Weather during tests in Table IX.—Spring treatment. Trees 
sprayed April 19. Temperature 34°, cloudy with slight rain. 
Weather during the week following cloudy with frequent show- 
ers. Average temperature 48°. | 


TABLE IX.—SprRING SPRAYING IN ORCHARD III. 











Trees. Strength 
ee ee ae ee of 
Nutwber Re 
Kind. treated. Degree of infestation, cum. Results. 
Per ct. 
APPLE: 
Baldwin ..... 8 2 Hxtensively and 6 25 Seales not affected. 
moderately infested. Trees uninjured. 
Baldwin ..... 8 1 Extensively and 3 40 Scales dead, except on 
moderately infested. some of the small 


branches where 
many live ones were 
found. Trees wun- 
injured. 


SUMMARY FOR ORCHARD III. 


The results in this orchard show only partial success for the 
treatment. As with the other experiments the 25 per ct. 
emulsion had no noticeable effect on the insect. The lack of 
thorough work with the 40 per ct. emulsion appeared to be 
due to the difficulty of reaching every limb and twig on large 
trees. This seems evident because nearly all of the scales were 
dead, the live ones being found only on a few small branches 
that might easily have escaped thorough treatment. The 
serious injury to the eight trees sprayed during the winter with 
the 40 per ct. mixture was unexpected. As apples are not 
considered especially sensitive to treatment with crude petro- 
leum and similar insecticides and as the other apple trees in- 
cluded in the experiments were not seriously injured by similar 
treatment it seems probable that some other factor besides the 
petroleum must have had an important influence. ‘The apple 
trees that were uninjured by the winter treatment of 40 per 
ct. emulsion were not trimmed just before being sprayed as 
was the case with the injured trees, and as the pruning was 
unusually severe it may have weakened the trees sufficiently to 
cause them to succumb to the treatment. 
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ORCHARD IV: PEACH, PEAR AND APPLE TREES. 


This small orchard consists of ten peach, pear and apple trees 
just coming into bearing. The orchard has evidently received 
fairly good care, and until two or three years ago the trees were 
thrifty. Recently most of them have shown signs of weakness, 
probably due in part to the San José scale. 

The treatment and results are summarized in Table X. 


Time of tests in Table X.—Winter treatment. Trees sprayed 
Dec. 20 to 24. 


TABLE X.—WINTER SPRAYING IN ORCHARD LY, 





Trees. Strength 
5 5 a Bee $$ —_ of 
Number petro- 
Kind. treated. Degree of infestation. Jeum, Results. 
Per ct. 


PEACH: : 

Var. unknown. 2 Slightly infested...... 25 Scales not affected. 
Trees slightly in- 
jured. 

Var. unknown. 1 Slightly infested...... 40 Scales dead. Tree 
seriously injured. 


PEAR: 

Var. unknown. 2 Slightly infested...... 40 Scales dead. Tree 

uninjured. 
APPLE: i! 

Var. uuknown. § WHxtensively infested.. 40 Scales dead, 2 trees 
seriously injured, 
remainder unin- 
jured. 


SUMMARY FOR ORCHARD IV. 


In these experiments also, the 25 per ct. emulsion did not 
kill the scales while the 40 per ct. was effectual. The peach 
trees, although no more seriously infested than the pears, were 
slightly injured by the 25 per ct., and seriously injured by the 
40 per ct. emulsion. Two of the apple trees were injured by 
the 40 per ct. emulsion but not seriously. 


ORCHARD V: PLUM TREES. 


This orchard consists of twenty plum trees which have 
recently come into full bearing. All of them are extensively 
infested and somewhat weakened by the San José scale. As 
shown in the following table half were sprayed in the spring 
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with a resin wash and the remainder with a whitewash known 
as government whitewash. Both have been suggested as being 
effectual against the San José scale. They were made after 


the following formulae: 
Resin Wash. 


Resin- 4. doce es Baie cer Wetec sistas Akio s --ee. 10% pounds 
CLI kcal wg stent ake cee el allaiecese tale ase mute sel el aee e eee 21 pounds 
RLS AOL RY, Rare the Giiako eae ates wtb, Se o Bree scorers 134 quarts 
WROD Se cc baie tetes Set oRUa sera e Sate se F nishere a -- 21 gallons 


Boil the resin, soap and fish oil in about one-fourth of the 
water until dissolved. While boiling, gradually add remainder 
of the water. Care should be taken not to add the cold water 
too fast as it has a tendency to precipitate the resin. 


Government whitewash. 


Slaked lime...... EAE PE hn a ea 1%, bushel 
PLUGS ak ccc co carteinised ste mine a 8 Pb lere Wiese ele anele eek ¥% bushel 
TICES. RE rere abe esate a aahatettace Sata Die oe vis cane AO MOS 
Glueh. «ati eckas 4 B55 otercere weltGan® SEP re rt baista 
Water sos in ir erape eS ake teiev acetals rer errs ei Fein 


Boil the rice with enough of the water to make a moderately 
thin paste. Dissolve the glue in a small amount of hot water 
and boil the salt and lime in what is left of the ten gallons of 
water until a thin whitewash is formed. Then add the rice and 
glue solutions to the whitewash and boil for at least half an 
hour. 


Weather during tests in Table XI.—Spring treatment. Trees 
sprayed April 12. Temperature 47°, fair. Weather during the 
week following usually fair with average temperature of 51°. 


TABLE XI.—TREATMENTS IN ORCHARD V, 





Trees. 
| a SS EE EE Ee rg Ene Se aR GES Em er, 
Number Degree of 
Kind. treated. infestation. Mixture used. Results. 
PLUM: 

Var. unknown. 10 3 extensively Resin-lime Scales not af- 
and 7 moder- mixture, fected. Trees 
ately infested. uninjured. 

Var. unknown. 10 4 extensively Government Seales not af- 
and 6 moder- whitewash, fected. Trees 


ately infested. uninjured. 


3 
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SUMMARY FOR ORCHARD V. 


Although twenty infested trees were used in these experi- 
ments and unusual pains taken to make the applications thor- 
ough there were no beneficial effects apparent in either case. 
The scales were breeding as rapidly during the summer on the 
treated trees as on the checks. Although there was a week 
of dry weather immediately following the applications, the un- 
favorable results may have been due in large part to an unusu- 
ally wet spring. The heavy rains washed both compounds 
almost entirely off before the summer was over. Further experi- 
ments with these washes seem desirable as they have not yet 
been sufficiently tested to prove or disprove their value. 


GENERAL SUMMARY. 


The experiments with crude petroleum include 321 fruit trees 
consisting of apples, cherries, pears, peaches and plums. The 
results were fairly uniform. In the experiments of Series I no 
injury was caused by the 25 per ct. emulsion, but in every case 
the 40 and higher percentages caused serious injury to the plum 
trees while the pear and cherry trees were practically un- 
harmed. The younger and more vigorous plum trees were 
injured less than the old and weaker ones. 

The experiments included in Series II show serious injury to 
peach trees by the 25 per ct. emulsion and equally serious 
injury to plum and apple trees by the 40 per ct. emulsion. In 
all cases of injury it is to be noted that the most serious injury 
was caused by the fall applications and by two applications— 
one in the fall and one in the spring. These results do not agree 
with those of Smith and Corbett previously referred to but agree 
in the main with those of Felt who, as previously stated, found 
that the undiluted petroleum caused serious injury to the 
treated trees. 

The experiments to ascertain the percentage of petroleum in 
the petroleum and water emulsion required to kill the hibernat- 
ing scales also gave uniform results. The 25 per ct. emulsion 
failed to affect the scales materially while the 40 per ct. killed 
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them in every instance. The failure of the 25 per ct. to kill the 
scales does not agree with the results of Felt and Corbett who 
report success with a 20 per ct. emulsion. The reason for this 
is not readily apparent. It is to be noted, however, that 
although an examination of the treated trees made in the spring 
may indicate that the treatment has been successful, definite 
and final results cannot be obtained without several examina- 
tions during the following season. This is especially true in the 
latitude of New York State where a large percentage of the 
scales die during the winter so that during the spring but few 
live ones can be found. But later in the season after breeding 
begins the real condition can be much more easily determined. 

Taken as a whole the spraying experiments reported in this 
bulletin indicate the following: 


1. Vigorous trees are probably less liable to injury by crude 
petroleum than weak ones. 

2. Peach and plum trees are more sensitive to crude petro- 
leum than apples, cherries, or pears. 

3. There is less danger of injury if trees are sprayed in early 
spring than during the fall or winter. 

4. The 25 per ct. emulsion of crude petroleum and water can- 
not be depended upon to kill the hibernating scales in the lati- 
tude of Western New York, while the 40 per ct. has proven 
efficient. 

5. Much pains should be taken to avoid over-drenching the 
trees. Only enough of the emulsion should be applied to wet 
the bark evenly and thoroughly. 


It, KFUMIGATION EXPERIMENTS WITH HYDROCYANIC 
ACID GAS. 


INTRODUCTORY. 


Fumigation with hydrocyanic acid gas is now recognized as 
one of the best known methods of combating scale insects. The 
gas was first brought into prominence as an insecticide in 1886 
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by Mr. D. W. Coquillett who made extensive experiments in 
California. Although it was being extensively used in Cali- 
fornia it received but little attention in the east until in 1897 
when Prof. W. G. Johnson took up the problem of successfully 
combating the San José scale in Maryland. After extensive 
experiments he decided that two-tenths gram of 98 per ct. 
potassium cyanide per cubic foot was sufficient for outdoor fumi- 
gation of deciduous trees when in the dormant state, that dor- 
mant nursery trees should be fumigated with .25 gram of 
cyanide and buds, grafts and scions with not more than’.16 
gram. In connection with these experiments Johnson developed 
better methods of handling and applying the gas than had been 
previously in use and called attention to its wide range of use- 
fulness until now it is employed in green houses, graneries, mills 
and other buildings subject to infestation by insects. 

In this State the gas is used extensively for fumigating dor- 
mant nursery trees. Until the past two years, however, but few 
attempts have been made to use it in the orchard and in this 
capacity it may still be considered in the experimental stage so 
far as this State is concerned. 

The experiments reported in this bulletin were begun during 
the fall of 1900 and continued during the following winter and 
spring. The principal objects of the experiments were to deter- 
mine the effects, if any, of the gas upon healthy buds and the 
strength of the gas required to kill the hibernating scales. 


CONDITIONS. 


The buds were fumigated in small box fumigators made espec- 
ially for the purpose. For the orchard trees fumigators of the 
type described in Bulletin 181 were used. All of the fumigators 
were carefully tested and found to be gas tight. The gas was 
generated in the manner described in Bulletin 194, page 382. 
The amount of cyanide used varied from .18 gram per cubic foot 
of air space to .8 gram as shown in the tables. 
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CHARACTBR OF HYDROCYANIC ACID GAS. 
Hydrocyanic acid gas may be generated by bringing cyanide of 
potassium in contact with sulphuric acid. It is colorless, has a 
faint odor of almonds, and when inhaled, unless largely diluted 
with air, is very dangerous. Much care should therefore be 
used in handling it. | 
CLASSIFICATION. 
The experiments were divided into two series. Series I 
included the experiments with uninfested buds and Series II the 
experiments with the hibernating scales. 


SERIES I. EFFECT OF THE GAS UPON BUDS. 

The following experiments with buds of a variety of fruits 
were undertaken to ascertain if possible whether bud sticks 
could be safely fumigated with the gas strong enough to kill the 
scale. The conditions were not entirely satisfactory as the 
treatment was somewhat delayed and the treated buds were not 
set in until the first week of August. This was out of season 
for most of the varieties. Also the treated buds were not set 
in until after the checks, which were budded at the proper time, 
and were placed about four inches above them where they were 
too high to be protected by the earth thrown against the trees 
during fall cultivation. In addition to this they were neces- 
sarily placed on the furrow sides of the trees thus endangering 
them to injury during cultivation. These unfavorable condi- 
tions must be in part, and probably in large part, the cause for 
the failure of the treated buds to set or grow, on the average, 
equally as well as the checks. 
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The total number of apple buds treated as shown by the above 
table was 1,157, of which 80.6 per ct. set. The total number of 
checks was 1,307, of which 84.3 per ct. set. This difference is 
too slight to indicate that the gas seriously affected the buds 
when the unfavorable conditions previously referred to are 
taken into consideration. 

A further evidence that the gas had no injurious effects is the 
variation in the percentage of treated buds that set. There is 
no relationship between the percentage of treated buds that set 
and the strength of gas or time of exposure. 

The slight difference in growth between the treated buds and 
the checks is not enough to be of much importance and is prob- 
ably due largely. to the late date of setting them in. 
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Four hundred and eighty-seven cherry buds were treated of 
which 77.8 per ct. set. The total number of checks was 497, of 
which 91.7 per ct. set. While the difference in these percent- 
ages is much greater than in the case of the apples it is hardly 
Sufficient to indicate important injury by the gas. As pre- 
viously stated the somewhat unfavorable conditions under which 
the buds were grown, together with the fact that they were put 
in about two weeks late, might easily account for this difference. 
A more definite indication that the gas had little if any injurious 
effect is shown by the comparatively high percentages of buds 
set that were fumigated with .22 gram of cyanide. The 
strongest gas and longest exposure had practically no more 
effect than the weakest gas and shortest exposure. The growth 
also was in all cases equal or nearly equal to that of the checks. 
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There is evidence of injury to the peach buds with the strong 
gas. Evidently the gas at a strength of .22 gram of cyanide with 
an exposure of one hour did no harm, as the percentage of treated 
buds set is greater than the percentage of checks that set, But 
there is a decided falling off in the percentage when the gas was 
used at .3 grams of cyanide indicating that the gas at this strength 
injured the buds. Comparing the whole number of buds treated 
with the checks, however, there is but little difference between the 
peaches, pears and cherries. The whole number of peach buds 
treated was 732, of which 70 2 per ct. set. The whole number of 
checks was 728, of which 82.8 per ct. set. 

he growth of the treated peach buds was in nearly all cases 
e jnal to the checks. 
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The results with the plum buds were practically the same as 
with the apples. The gas at a strength of .3 gram of cyanide 
had practically no more effect than at .18 gram. There was also 
but little difference in the percentage of treated buds that set 
and the percentage of the checks that set. The total number 
of treated buds was 1505, of which 81.1 per ct. set, and the total 
number of checks 1673, of which 84.7 per ct. set, making a differ- 
ence of only 3.6 per ct. in favor of the checks. As with the other 
varieties the growth was nearly equal to the checks. 


SERIES II. EFFECT OF THE GAS UPON THE SAN JOSE SCALE. 


The experiments were conducted in four different orchards in 
the vicinity of Geneva. Some of the trees were fumigated in 
December and the remainder in June. But one treatment was 


made. The results are shown in the following tables. 


ORCHARD II: PEARS. ORCHARD IV: PEACHES. 


Weather during tests in Table X VII.—Winter treatment. Trees 
treated Dec. 13 to 24, average temperature 27°, cloudy with light 
rains or snow. Weather during the week foilowing cloudy with 
average temperature of 299. 


TABLE XVII.—IFUMIGATION TESTS ON INFESTED PEAR AND PEACH TREEs. 














Trees. 
js ies —~+, Time of 
Number Degree of infesta- Strength  treat- 
treated. Kinds, tion. of gas. ment. Results, 
Gram. 
PEAR: 

6 Bartlett. > extensively 0.18 Whour Seales not af- 
and 1 moder- fected. Trees 
ately infested. uninjured. 

7 Bartlett, 3 extensively, 0.18 lhour Scales not af 
2 moderately fected. Trees 
and 2 slightly uninjured. 
infested. 

8 Bartlett. 5 extensively, 0.25 Whour Scales appar- 


2 moderately 
and 1 slightly 
infested. 


ently affected 
but many: live 
ones found. 
Trees unin- 
jured. 
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TABLE X VII—Continued 

















Trees. 
— ——— ———— * = Time of 
Number Degree of infesta- Strength treat- 
treated. Kinds. tion. of gas. ment. Results. 
; Gram. 

8 Bartlett. 2extensively, 0.25 i1hour Scales appar- 
4 moderately ently affected 
and 2 slightly but many live 
infested. ones found. 

Trees unin- 
jured. 

1 Bartlett. 4 extensively 90.30 Y%hour Scales dead. 
and 3 moder- Trees unin- 
ately infested. jured. 

7 Bartlett. 2 extensively 0.30 i1hour Scales dead. 
and 5 moder- Trees unin- 
ately infested. jured. 

PEACH: 


1 Var. unknown. Slightly infested 0.18 WMhour Scales not af- 
fected. Tree 
uninjured. 

Var. unknown. Slightly infested 0.18 1hour ‘Tree dead. 

Var. unknown. Slightly infested 0.30 Y%hour Tree dead. 

Var. unknown. Slightly infested 0.80 1hour Tree dead. 


tL 


The results in these experiments were unexpected. Neither 
the .18 gram or .25 gram had any appreciable effect. The live 
scales were as numerous and active on the treated trees as on 
the checks. There was a decided difference, however, in the 
trees treated with the 3 gram. The scales were dead on all the 
trees. The peaches, although in fairly good condition, suc- 
cumbed quickly to the gas. The limited number of peach trees 
used makes a repetition of the experiment desirable. 


ORCHARD VI: PLUMS. 


This orchard consists of 22 plum trees, European varieties, 
which were set out about ten years ago. They have been well 
cared for and have been in thriving condition until recently when 
they began to show the effects of the San José scale. When the 
experiments were begun they were all extensively infested and 
hence weakened by the scale. The treatment and results in this 
orchard are shown in Table XVIII. 
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Weather during tests in Table X VIII.—Spring treatment. Trees 
fumigated June 6 to 8. Average temperature 63°, cloudy with 
Weather during the week fellowing usually fair 
with slight rain on one day. Average temperature 70°. 


slight rain. 


TABLE X VIII.—SPRING FUMIGATION OF INFESTED PLUM TREES, 











‘Trees, 
oe ee eee eee a ae 
No. ; Degree of 
treated. Kinds. infestation. 
PLUMS: 
4 European. HWxtensively 
infested. 
4 European. Extensively 
infested. 
3 European. Extensively 
infested. 
3 European. Lxtensively 
infested. 
2 European, Extensively 
infested. 


2 European, 


Extensively 
infested. 


of gas. 


0.18 


0.18 


0.25 


0.25 


0.30 


0.30 


Dura- 
Str’'gth “on 

treat- 
ment, 
Gram. Hours. 


ve) 


Wy 


Loed 
CS 


ORCHARD VII: 


Results, 

Seales 
Trees unin- 
jured. 

Seales dead. 
Trees unin- 
jured. 

Seales dead. 
Foliage 
slightly 


under nor- 
mal. No 
other injury. 
Scales dead. 
FOii1a 26 
Slightly 
under nor- 
mal. No 
other injury. 
Scales dead. 
Kroliage 
slightly 
under nor- 
mal. No 
other injury. 
Seales dead. 
Fo li areas 
slightly 
under nor- 
mal. No 
other injury. 


PLUMS. 


_ Checks. 


dead. Checks consist- 


ed of 4 exten- 


sively infest- 
ed trees. The 
scales bred 


very rapidly 
during the 
summer, and 
these trees 
are now en- 
crusted with 
them. 


The 86 trees included in this experiment, and constituting 
Orchard VII, form a portion of one of the large orchards Jof 


Western New York. 


has been under the best of cultivation. 


It was set out about eight years ago and 
Two years ago two 


trees near the middle of the orchard were discovered quite 
seriously infested with the San José scale. From these trees it 
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had spread in all directions until eighty-six were infested before 
the spreading was discovered. 

The treatment and results are shown in Table XIX. Trees 
fumigated June 16 to 24. Average temperature 71°, cloudy. 


TABLE XIX.—SprRING FUMIGATION OF PLUM TREES, 








. Dura- 
rees. re Str’gth ees 
No. Degree of °F £48: expos. 
treated. Varieties. infestation. ure, Resalts. Checks. 
Gram. Hours. 
84 PLUMS: 2 extensive- 0.25 % Seales dead. A large number 
Diamond. ly and re- Trees unin- of Diamond 
mainder jured. Fruit plum trees 
slightly crop. equal which bore 
infected. to checks. more than 
average crop 
of fruit. 


The results shown by Tables XVIII and XIX are strongly in 
contrast to those of Table XVII where .18 and .25 gram had no 
appreciable effect upon the scales. In the latter case, however, 
the trees were fumigated during the winter, while the former 
were fumigated in June. As the scales were killed by a half 
hour’s treatment in June with the gas at a strength of only .18 
gram, the indications are that, as might be expected, the scales 
are more susceptible to the treatment in the spring than during 
the winter. The weather conditions were such that in each case 
the trees were damp at the time of treatment. It is to be noted 
also that although the trees were in foliage when fumigated 
none were injured and they bore more than an average crop of 
fruit the following season. 


GENERAL SUMMARY OF FUMIGATION EXPHERIMENTS. 


The experiments with buds while not entirely satisfactory 
owing to the somewhat unfavorable conditions surrounding the 
treated buds, gave sufficiently uniform results to indicate clearly 
that the gas was harmless except in the case of the peaches 
which were evidently injured slightly by the strong gas. Taken 
as a whole there is but little difference in the percentage of 
treated buds that set and the checks that were unharmed. In 
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all 4483 buds were treated 78 per ect. of which set. The checks 
numbered 4864 of which 85.5 per ct. set, thus making but a slight 
difference in favor of the checks, a difference which might be 
expected from the unusual exposure of the treated buds. 

The experiments with the scale gave somewhat unexpected 
results in that the scales were practically unaffected by winter 
fumigation with the gas at a strength less than .3 gram of 
cyanide per cubic foot of air space. This result has an important 
bearing upon the winter fumigation of nursery stock. To be 
certain of killing the hibernating scales in this latitude the gas 
should be used at the above strength.5 

The spring treatment gave different results. The gas at a 
little more than half the strength (.18 gram) killed the scales in 
every case and did not injure the foliage. 


RECOMMENDATIONS. 


Obviously the first step in combating the San José scale is to 
prevent infestation. Ags the most fruitful source of infestation is 
nursery stock it is plainly of the greatest importance to prevent 
the spread of infested stock. Fumigation with hydrocyanic acid 
gas together with careful inspection and clean cultivation are 
our best safeguards. If stock is to be fumigated too much pains 
cannot be taken to have all conditions right for thorough work. 
Above all else the fumigating house should be gas tight. For 
winter fumigation the gas should be used at a strength of 3 
gram of cyanide. For early spring treatment a strength of .18 
to .2 gram of cyanide will be sufficient to kill the scales. 

An additional safeguard in the nursery is the fumigation of 
bud sticks, scions, etc., especially if such stock has been brought 
from infested localities. The gas at a strength of .22 gram of 
cyanide can be safely used on the common varieties of fruits and 
probably all varieties without danger of injury. 





*For directions for computing the amount of cyanide to use for a given 
number of cubie feet of air space see Bulletin No. 194 of this Station, 
p. 382, 
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As the scale is distributed locally by such agencies as insects, 
birds and the wind a careful watch should be kept in the orchard 
for its appearance. Orchard trees that have become infested if 
considered too valuable to destroy may be treated either by 
applying a wash or by fumigation with hydrocyanic acid gas. 
The former method is the only one practical for large trees, such 
as full-grown apples, and may be employed for smaller trees as 
well. Crude petroleum is one of the best washes that has been 
extensively used in the East, although as noted on a subsequent 
page, a number of others have recently given promising results. 
Crude petroleum may be used upon apple, pear and cherry trees, 
in an emulsion with water, in the proportion (40 per ct. of petro- 
leum) required to kill the scale, without danger of serious injury 
provided the application is made in early spring. Plums may 
also be treated with the petroleum-water emulsion but there is 
more danger of injury. Peaches should not be treated with the 
emulsion stronger than 25 per ct. petroleum. For summer treat- 
ment a 25 per ct. emulsion may be used, with reasonable cer- 
tainty of killing the scales that are reached by the spray. When 
purchasing crude petroleum it should be remembered that it is 
safer to use an oil having a specific gravity of 43° than lower. 

The principal advantage of fumigation over treatment with 
any of the washes is the thoroughness with which the gas does 
the work. If properly done, probably every scale will be killed 
by fumigation while it is very difficult, if not impossible, to hit 
ail of them with a spray. The use of the gas in the orchard is 
practically limited, however, to comparatively small trees be- 
cause of the expense and difficulty of fumigating large ones. 
Trees that can be cut back to about twelve or fourteen feet in 
height by eight or nine feet in diameter can be easily and cheaply 
fumigated. 


888 Revort OF THE DEPARTMENT OF ENTOMOLOGY OF THD 


Ill. OTHER PROMISING INSECTICIDES. 


The economic importance of scale insects as a group has re- 
sulted in unusual efforts being made to develop methods for 
their control. Ags a result various compounds are being devised 
and tested from time to time with the hope of finding a cheaper 
and more effectual way of combating these insects than any that 
has yet been devised. Among the compounds that give promise 


of success are the following: | | 


Whale oil soap and crude petroleum compound.—Both whale oil 
soap and crude petroleum are known to have great insecticidal 
value and hence it would be supposed that a combination of the 
two would give highly satisfactory results. The experiments 
thus far, however, that have come to the writer’s knowledge, 
have not given altogether satisfactory results. A series of 
experiments by Felt, gave no better results than he had ob- 
tained with a plain 20 per ct. emulsion with water. In these 
experiments, however, the emulsion was not used very strong 
as but one pound of soap was used to each four gallons of water. 
This was emulsified in a “kerowater” pump with a small 
amount of oil, the pump being set to discharge but 10 per ct. of 
crude petroleum. 


This compound is undoubtedly worthy of further experiment. 
It is not improbable that a stronger emulsion would prove more 
effectual. 


Lime, sulphur and salt wash—This compound has been used 
extensively and with much success in California. The prolonged 
periods of dry weather characteristic of that country are espe- 
cially favorable to the use of compounds of this kind. Experi- 
ments with this insecticide in the East have not given very satis- 
factory results as arule. A prominent exception, however, is a 
series of experiments by Marlatt, conducted at Washington, and 
published in Bul. 30, N. 8., U. S. Dept. Agr., Div. of Entomology, 
pp. 34-36, which gave very promising results. In explanation 
of the unusual success of the treatment Dr. Marlatt states 





*Bulletin N, Y. State Museum, No. 46, Vol. 9, p. 337. 
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(p. 36), that the results were evidently due largely to the unusu- 
ally favorable weather conditions, as there were no rains suffi- 
ciently heavy to wash off the lime for nearly three weeks after 
the applications were made. The statement is also made that 
if a week or two of dry weather following the applications could 
be counted on, the lime, sulphur and salt wash would be as 
effectual here in the East as on the Pacific coast. 


The wash was made after the following formula, the ingredi- 
ents being steam boiled together in a barrel and applied hot. 


einen eee Py et ee hs oe dau dad of OO DOUNGS 
PS AREER DCI ce. am tae rate: hye at eater als uities fay a AN oh 
PS SAME PAE Ye RUUD aat Oh Ake oder a i eas cheipfeth d © 6 a faye hak 
WUUEN SST oae RS ARN Aig ene Be te me eo 60 gallons 


Kerosene-lime emulsionSeveral experiments with this com- 
pound were also made by Dr. Marlatt, who gives a brief account 
of them in the bulletin just referred to, pages 37-88. The mix- 
ture was first suggested to him by Professor Galloway, who pre- 
pared it after the following formula: 


PVGSOClIMG <i. tie-« ote 's co's 06 Decay «ise over utara es 4 pounds 
‘OAT eh Re MO ha GS A 5 gallons 
POMC TIO a peck seiclaty w(8 \Ginveih wiahe Gos a+ asses 1 gallon | 


“ Slack the lime slowly with small quantities of water in order 
to get a creamy solution. When thoroughly slacked dilute to 
5 gallons, add 1 gallon of kerosene and churn until emulsified 
(one or two minutes).” 


The experiments were considered as indicating this compound 
to be a promising one. The suggestion is made, however, that 
it is possible that more lime would have been an advantage, 
making a better emulsion and a slightly heavier wash. 

19 
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IV. A MODIFICATON OF THE STATION FUMIGATOR. 


A simple method of fastening the door of the tree fumigator 


described in Bulletin 181 of this Station has been suggested and 


found to give so much better satisfaction than the old one that 


it is considered worthy of special men- 
tion. 

The improvement does away with the 
buttons. In their places stout strips 
are used which extend across the door 
to the margin of the fumigator as 
Shown in Plates XIII and XIV. These 
Strips are of hard wood, two inches 
wide and three-fourths of an inch thick. 
The projecting ends are cut on an angle 
to fit against corresponding surfaces of 
the blocks fastened to the door casing 
as at a, Fig. 1. The blocks are of the 
shape shown at 6. When the strips 
and blocks are in place and the door is 
being forced into position the down- 
ward pressure brings it against the 
supporting sides, top and bottom of the 
fumigator. 

With these fastenings the door should 
extend to the top of the fumigator in- 
stead of within two or three inches of 
the top as when the buttons are used. 
This is to permit it to slip in place 
easily. The strip across the top against 
which the top of the door rests should 





Fic, 1.—Fumicator Door 
Fastener. A, Ewnp oF STRIP 
ATTACHED To Door; B, Brock 
Bo.tep to Door Casino. 


be at least three inches wide and the corresponding strip of the 
door the same width. Both should be covered with heavy felt 


as described in Bulletin 181. 


Both strips and blocks should be made of hard wood and 
should be bolted on securely. It is of especial importance also 


‘ 








PLATE XIII.—Door 
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PLATE XIV.—DoorR IN POSITION. 
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that the blocks be so placed that when the door is forced into 
position it will almost but not quite reach the metal supports 
at the bottom.’ This will admit of some wear before the door 
is down as far as it will go. 

As shown in the illustrations, four strips are required. The 
upper one should be placed at the top of the door so as to press 
the two surfaces of felt as close together as possible, thus lessen- 
ing.the possibility of leakage of gas. To make the pressure on 
the upper part of the door as great as possible the upper strip 
should be warped somewhat and then sprung into place. 

If preferred metal lugs may be cast, together with correspond- 
ing supports, and used in place of the strips and blocks. The 
principal advantage over the wooden fasteners would be that 
they would wear longer. 

To put the door in place it is only necessary to lift it so that 
the ends of the cross strips may drop into the fasteners. Its 
own weight will bring it nearly into place, and it will require 
but little additional force to drive it down as far as necessary. 
The handling of the door will be facilitated if the surfaces of the 
fasteners coming together are lubricated. 

The principal advantage of this fastener over the old is the 
ease and speed with which it permits the door to be put into 
place. It takes but a very few seconds. No ladder is required 
and the delay and consequent expense of turning each button 
into place is avoided. The door is held in place as securely as 
with the buttons, and we have found by careful tests that with 
the new fasteners there is no more danger of leakage of gas 
than before. | 





TSee Bulletin 181, page 1389. 


TREATMENT FOR SAN JOSE SCALE IN 
ORCHARDS.* 
I. ORCHARD FUMIGATION. 


RF. A. SIRRINE, 


SUMMARY. 


It is unsafe to leave trees in orchards exposed to action of 
hydrocyanic acid gas for periods of twelve hours. 

With perfect covers, debarring accidents, it is possible to kill 
every living specimen of pernicious scale on medium sized fruit 
trees without injury to the trees and thus to exterminate the 
pest in isolated sections. 

With large pieces of potassium cyanide and an excess of acid 
and water, rapid and uniform action results. 

Double the amount of potassium cyanide usually recom- 
mended for nursery fumigation should be used in orchard fumi- 
gation. 

Tents have less waste space and require less chemicals than 
other forms of coverings, but neither accurate nor thorough 
work can be done with them. 

Under favorable conditions thorough work can be done with 
box fumigators, but they require more chemicals than tents. 
They have the advantage of fixed dimensions. 

Cost of fumigation depends upon so many variable factors 
that it cannot be fixed. 


INTRODUCTION. 


Undoubtedly no one insect has attracted more attention dur- 
ing the past few years than the Pernicious scale-insect 
(Aspidiotus perniciosus), generally called “San José scale.” Ag 
this pest has been widely distributed to most sections of the 





*A reprint of Bulletin No. 209. 
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country its treatment and control have been the subject of a 
large number of publications. Unfortunately a number of con- 
flicting and misleading results have been obtained and pub- 
lished. As a result, orchardists are often at a loss to know 
whether the expense and the chances of failure are not too great 
to warrant undertaking any treatment, or are unable to decide 
correctly between different methods. We feel justified, there- 
fore, in adding another chapter on the treatment of this notor- 
ious pest. In addition it is desirable to record the conditions 
and results met with in this section of the State (Long Island). 


OBJECT OF TESTS. 


The object of making the following tests was not only to 
determine the amounts of potassium cyanide that should be 
used in orchard work, together with its effect on trees and in- 
sects, but to determine whether it is possible to exterminate this 
pest over small isolated areas and at same time to simplify and 
cheapen the method so that orchardists would find fumigation 
feasible. Incidental to this work were tests on time of chemi- 
cal action, on kinds of apparatus used, and on cost 


HISTORY OF TESTS. 


During the winter of 1899-1900, about 20 apple, 14 cherry, 201 
peach, 6 pear, and 25 plum trees (in the orchard) were fumigated 
by means of tents. As it was not only impossible to estimate 
accurately the amount of space enclosed by a tent when placed 
over a tree, but was also found impracticable to prevent fre- 
quent leakage of gas from the tents, caused by constant wearing 
and puncturing by the branches, the work was discontinued until 
the winter of 1900-1901, at which time folding fumigators hav- 
ing fixed dimensions were constructed and used. The plums, 
pears and cherries, which were separated from the main orchard 
by a high embankment and were distant one-eighth mile, were 
not treated again; but the apple and peach trees, treated the 
previous winter, were refumigated. 
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EFFECT OF THE GAS ON TREES. 


In the preliminary work on fumigation, in California, espe- 
cially of citrus trees, all injury to the leaves of the trees was 
supposed to result from decomposition of the gas by sunlight 
and heat. As a result fumigation is usually done at night in 
that section, although it was found that by the use of black tents 
the work could be done in the day time with less injury than 
with uncolored tents. In the east the majority of the tests have 
been made with black tents at a season of the year when the 
trees were dormant, with the result that there was little or no 
danger of injury from the conditions that orange growers have 
to contend with. The principal injuries to deciduous trees 
result from other causes, such as too heavy charges of chemi- 
cals, over exposure or treatment after leaves have begun to 
expand. 

In the following tables are shown some of the effects of differ- 
ent amounts of chemicals allowed to act for varying lengths of 
time, together with notes on the same. In a study of these 
tables the following notes will be of assistance: 

The chemical abbreviation KCN is used for potassium cyanide, 
the chemically pure (approximately 98 per ct.) being used in all 
cases. In most instances the maximum exposures were made 
during the noon hour and comparatively few trees were treated 
for long periods; in addition the number of trees receiving heavy 
charges of KCN were small; hence the tables cannot be 
averaged. 

The orchards in which the tests were made consisted of a 
mixture in one case of apple, cherry, peach, pear and plum; in 
the other of apple, cherry, chestnut, peach and walnut. In the 
first, a small orchard, the trees were set haphazard; while in the 
second, a peach orchard, the peach trees in every other row 
alternated with apple, cherry, chestnut or walnut. No definite 
order was followed in setting the alternating trees; and as a 
result there were but few apples, walnuts, etc., and these were 
often widely scattered. 
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Under these conditions it was more convenient to keep a 
record of the trees and the notes on the same by number instead 
of by charts, the trees being numbered consecutively in each 
orchard, without reference to the kind of tree. 

All trees under test, of whatever kind, were treated while the 
fumigators were near them, without returning to the same sec- 
tion of the orchard at different times. The orchard was treated 
in sections during the winter of 1900-1901, so that some trees of 
each kind could be fumigated with different amounts of KCN at 
different periods—while dormant and when the buds were 
opening. 

Dates given in the tables should not be taken as proper time 
for treatment except in sections of the country which have 
relatively the same temperature. 


TABLE I.—APPLE TREES TREATED UNDER FUMIGATORS, 1901, 


Time treated. 
Amt. of KCN ———+~——— No. of 
Date. per 100 cu. ft. Min. Max. trees, Results. 


Grams. Ozs. Min. Min. 


Mar, 23:. 15 53 45 45 1 No injury. 
Mar.i8:. °20 70 45 45 1 No injury. 
Mar.19.. 20 -70 30 35 3 No injury. 
Wier 20, 20 -70 45 45 1 No injury. 
Mar. 2aes **20 70 30 90 3 injury. 
mur +be2 20 70 30 60 2=" No injury: 
Apr. o.. 20 -70 30 30 2 No injury. 

1 

1 

4 


Z 
° 


Apr Os; 20 .70 30 30 No injury. 
Aur. toes ~ 20 iO 30 30 No injury. 
Total number treated with 20 grams 1 

Mar. 16.. 25 .88 30 45 4 No injury. 
Mar.18.. 25 .88 5D 55 1 No injury. 
Mar19%. ~ 25 .88 35 70 2 No injury. 
Siar 2. © 2b 88 45 50 2 No injury. 

9 


Wary 27 82" 525 .88 15 40 2 No injury. 
MATE ZS 0525 .88 30 715 2 No injury. 
OA ee 88 30 90 111 No injury. 
Pind Fate.) hae .88 30 45 15 £4No injury. 
Apr. 8 25 .88 30 45 3 No injury. 
Popes: 62515 11-388 30 30 1 No injury. 
AL yep ARS) .88 30 40 6 No injury. 
Mpls. 2 25 88)" 5130.9) 80) 1 Ses No injury, 


Total number treated with 25 grams 51 
Mireco.. 75 2.64 45 45 13 Very scaly, thrown out. 


ee 


2+ One tree exposed all night to action of gas. 

2 Kumigator blown off one tree at end of 15 minutes. Unless anchored when wind was 
heavy, the fumigator is not only liable to jamp but in this case was blown from the tree. 

3 ‘Lree was removed after treatment by owner withvut consulting us. 
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TABLE II.—CHESTNUT (PARAGON) TREATED UNDER FuMIGATORS, 1901. 


Amt of KCN 
Date. per 100 cu. ft. 
Grams. Ozs. 
Mar; 19; 20 -70 
A ise hse ew -70 
Mar. 18..° 25 .88 


Time treated. 


“Min. Max. 
Min, Min. 
40 45 
35 70 
40 45 


No. of 
trees. 


2 
6 
3 


TABLE III.—PEACH TREES TREATED 


Amt. of KCN 

Date. per 100 cu. ft. 
Grams. Oz8. 

Mar.19.. 15 .53 
Mar 23,5. 15 .53 
Mar. 25.. 15 .00 
Bole wee .53 
Arig. 0 200 


Time treated. 


“Min. Max. 
Min. Min. 
60 60 
55 5D 
50 50 
40 40 
30 60 


Total number treated with 15 grams 


Mar.18.. 20 .70 
Mar.19.. 20 .70 
Mar. 20.. 20 -70 
Mar. 23... 20 10 
Mar. 25... 20 -70 
Mar. 27.. 20 .70 
Mar.25.c;, 20 .70 
ADY 32s. eu -70 
Apr: B.s.020 70 
ADE. -18550h 20 70 
Apr. Disa 20 .70 
Apr 12... 220 <4 
Apr. 18.. 20 Ari 


30 75 
30 90 
30 60 
30 85 
30 75 
30 45 
30 80 
30 65 
25 90 
30 30 
30 90 
30 45 
30 30 


No. of 
trees. 


Dee Hee 


211 


11 


91 


Co mo Ol Oe 


Total number treated with 20 grams 120 





Results. 


No injury, May 1. 
No injury, May 1. 
No injury, May 1. 


UNDER F'uMIGATORS, 1901. 


Results. 


Tree badly infested. No injury. 

No injury. 

No injury. 

No injury. 

One tree treated 60 minutes has 
a number of its lower 
branches dead, apparently all 
due to injury by scale, 


No injury. 


No injury. 

No injury. 

One tree exposed all night; on 
June 38, shows tips of twigs 
without leaves and no living 
weeds or grass around base. 
Other trees uninjured. 

No injury. 

No injury. 

No injury. 

No injury. 

One tree exposed all night; May 
24, has terminals killed back 
12 to 18 inches, similar to 
tree shown in Plate XVI. All 
plants around base of tree 
killed. Other trees unin- 
jured. 

No injury. 

No injury. 

No injury. 

No injury. 


1 Two trees treated Mar. 18, two Mar. 19, one Mar. 23, two Mar. 25 and one Apr. 5 were 


exposed to gas all night, 
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TABLE I[V.—PEACH TREES TREATED UNDER FUMIGATORS, 1901. 


Time treated. No. 
Amt. of KCN aoa of 
Date. per 100 cu ft. Min. Max. trees. Results, 


Grams. Ozs. Min. Min. 

Mar.16.. 25 .88 30 50 5 No injury. 

iar. 18... ~ 26 .88 30 90 111 No injury. 

MT SO ae 2c) .88 30 S00 112i» -Nowinijury, 

Mitr 2. se 88 30 60 4 No injury. 

NTA cee oO 88 30 90 151 No injury. 

Mara2y ca, oo .88 80- 90 81 No injury. 

Mar 21... 2 88 30 45 3 No injury. 

Mar. 28.. 25 88 30 30 3 No injury. 

Wor... 20 88 30 90 30 No injury. 

Apr, D.. 25 88 80 90 411 One tree exposed all night; on 

; May 13 has terminals killed 
back 12 to 18 inches. Other 
trees uninjured. 

ADE ps iy 25 88 30 40 9 No injury. 

AIOE ets DS 88 30 45 10 No injury. 

Apr. 12... 26 88 30 75 151 One tree exposed 75 minutes; 
on May 18 starting as if 
injured; May 24 shows a few 
tips of branches’ without 
leaves, Other trees. unin- 

jured. . 

apr As. .1 265 .88 80 30 8 No injury. 

ApridTos: 25 .88 30 30 1 No injury. 

Total number treated with 25 grams 181 

Mar. 25.. 650 1.76 380 90 82 No injury. 

Mar. 27.. 50 UORe ES 30 45 5 No injury. 

Mar. 28.. 50 Pa 30 80 62 No injury. 

Apr. 9.. 50 1.76 30 60 2 One badly infested tree treated 
60 min., on Apr. 28 shows 
buds on infested branches 
dead, and on May 13 no 
injury except on such 
branches. O her tree, treated 

Total number treated with 50 grams 24 30 min., uninjured. 





1 One tree treated Mar. 18, one Mar. 19, two Mar. 23, one Mar. 25 and one Apr. 5 exposed to 
gas all night; one Apr. 12 exposed 75 minutes. 

2Qne tree treated Mar, 25 exposed to gas all night; one tree Mar. 28 exposed 60 minutes, 
another 80 minutes, 
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TABLE V.—PEACH TREES TREATED UNDER F'UMIGATORS, 1901. 


Amt. of KCN 

Date. per 100 cu. ft. 
Giams. Ozs. 

Mar 165. 945 2.64 
ADI, “a5. 01s 2.64 
Aprel12..° 45 2.64 


Apr. 18..° 75 


Time treated. 





0o- 


Min. Max, 
Min. Min. 
380 30 
30 60 
80 30 
30 60 


Total number treated with 75 gramg 


No. 
of 


trees. Reaults. 


1 ‘Tree in full bloom May 6. No 
injury traceable to gas. PI. 
ave 

2 One tree, not badly infested, 
treated 60 minutes without 
injury. The other’ tree 
treated but 30 minutes, on 
Apr. 28 showed buds on badly 
infested branches to be weak, 
but on May 18 appeared in 
good condition. 

2 Buds expanding when treated. 
On May 6 trees have but few 
branches with terminal and 
lateral buds killed; and on 
May 13 they show but one- 
tenth full bloom, 

7 May 6, some branches on all 
these trees show terminal 
and lateral buds injured; one 
tree treated one hour injured 
more than the others. (See 
Plate XVI.) May 18, less 

12 than one-tenth full bloom. 


TABLE VI.—JAPAN WALNUT TREES TREATED UNDER FuUMIGATORS, 1901. 


Amt. of KCN 

Date. per 100 cu. ft. 
Grams. Ozs. 
Mar.19.. 15 .53 
Mar.16.. 20 -70 
Mar.18.. 20 .70 
Mar.16.. 25 .88 
Apr... #2D .88 
ADE One .88 
ADI SG. we wep .88 
ADT eee ec .88 
APrvisiy. wees .88 
Mar. 18... o(.D) loos 
AULeLics | 10 2.64 


Time treated. 


Min. Max. 

Min. Min. 
35 35 
30 45 
30 65 
40 45 
30 45 
30 30 
30 35 
30 30 
30 30 
30 30 
30 30 


No. 

of 
trees. Results. 
Min. 

1 Tree badly infested. No in- 

jury. 

7 No injury. 

8 No injury. 

2 No injury. 

4 No injury. 

1 No injury. 

4 No injury. 

1 No injury. 

4 No injury. 

1 No injury. 

1 


May 6, all terminal buds killed. 
June 10, tree has developed 
latent buds and is in full leaf- 
age, showing tendency to 
form numerous branches but 
no leaders. All other wal- 
nuts uninjured. 
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Irom the data in these tables it appears: (1) That it is unsafe 
to leave peach trees exposed to the action of the gas for periods 
of 12 hours no matter what weight of potassium cyanide per 
cubic foot is used; (2) that all vigorous trees, even those as 
tender as peach can be safely treated with as much as 24 ozs. of 
98 per ct. potassium cyanide per 100 cu. ft. (.75 grm. per cu. ft.) 
for a period not exceeding 30 minutes, providing the treatment 
is given while the trees are dormant; (3) that peach trees which 
have their vitality reduced by attacks of the scale are Habie 
to be injured after April Ist by use of 24 ozs. of potassium cyan- 
ide per 100 cu. ft.; but the injury is not usually such that the 
trees do not recover and make a better growth than while 
infested; (4) that peach can be treated in the orchard for inter- 
vals varying from 30 to 60 minutes with as much as 1} ozs. 
potassium cyanide per 100 cu. ft. (.50 grms. per cu. ft.), even after 
fruit buds show color; (5) that walnut and chestnut will stand 
the same treatment as peach. 

The tests made in 1900, under tents and hence liable to error, 
indicate that plums and cherries are similar to peach in resist- 
ance, and that pears cannot stand 1 ozs. of potassium cyanide 
after the flower buds are exposed. At this time the injury was 
confined principally to the flower buds, but even where these 
were injured the entire setting of fruit was not destroyed. 

Johnson has reported injury to peach in Maryland by use of 
about one-half the above amounts of potassium cyanide per cubic 
foot. It will be shown under rules for estimating contents of 
tents and fumigators that, through an error, Johnson has actu- 
ally used much more than the amount he recommends as safe. 

CauTtion.—It should be remembered that the larger amounts 
tested apply only to trees in orchards where the gas comes in 





contact with the ground. 


EFFECT OF THE GAS ON THE SCALE-INSECT. 


The effect of the gas upon the insects is not as easy to deter- 
mine as its effect on the trees. Frequently on branches thor- 
oughly encrusted with this pest not over one per ct. of tlhe 
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individual specimens will be alive. Again, the percentage of 
living scale-insects will vary not only on the part of the tree 
upon which they occur but also with the season of the year. 


‘CONDITION BEFORE TREATMENT. 


The following table gives approximately the condition of the 
San José scale-insect on peach in March, 1901, prior to treat- 
ment. The percentages were obtained by taking the infested 
branches into the laboratory and making a microscopic examina- 
tion of all the specimens. The branches were taken from dif- 
ferent trees: 


TABLE VII.—SAN JOSE SCALE ON PEACH, MArcH, 1901. 


l-yr. wood. 2yr. wood. Average. 


Per ct. Per ct. Per ct. 

Living specimens on first branch....... 24. 52. 38. 
Living specimens on second branch.... A 62. 44.5 
Living specimens on third branch..... 4 22. 65. 43.5 

AVOVORO 15 ccncikaee caves as sores tee y 24.3 59.6 42. 


CONDITION AFTER TREATMENT. 


Under tents ——(1) In the small orchard, November 20, 1900, four 
plums showed a few living specimens of the scale-insects on new 
wood. ‘Three of the trees were badly infested before treatment; 
on the other, specimens were numerous at time of treatment. 
These trees were fumigated April 13th. As near as could be 
estimated for tents, 1? to 2 ozs. of potassium cyanide per 100 
cu. ft. were used for periods varying from 35 to 60 minutes. 
One cherry, treated April 14th with over 2 ozs. per 100 cu. ft. for 
70 minutes has living specimens on new wood. Specimens were 
numerous before treatment. 

It is a marked fact that as late as December 7, 1901, the in- 
crease of specimens on the above trees has been so slow that it 
is still a hard matter to find them. 

(2) In the large orchard, living specimens of the insects were 
found on treated trees in one instance, but as only part of the 
orchard was treated there was a chance for the insects to be 
transferred from untreated to treated trees thus making it im- 
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possible to determine whether the specimens found had survived 
the fumigation. 

Under folding fumigators.—Five hundred and fifty tests were 
made during the winter of 1900-1901. At time of treatment 
many of these trees were infested. Only one was found where 
there was positive proof that the scale had survived the 
fumigation; this was a peach treated March 19th (a windy day), 
with four-fifths ounce of potassium cyanide per 100 cu. ft. (.25 
gram per cu. ft.) for 35 minutes. On August 26th, it was found 
that the lower branches which lay close to the ground were 
badly infested with living specimens. Adjoining trees showed 
a few living scales on December 7th. These were not badly 
infested trees before treatment, and the specimens were found 
-only on sides next the previously infested tree showinyz quite 
conclusively that they became infested from it. 

In only one other instance has any trace of living scale shown 
itself as late as December 7th. This was on a tree which was 
slightly if at all infested before fumigated. Only three speci- 
mens were found. All indications are that this tree became 
infested after treatment, possibly from the previously mentioned 
tree, although about ten rods to the north of the latter. 

As shown in the discussion of diffusion, it is possible thut 
hydrocyanic acid gas was absorbed by the moist ground rapidly 
enough so that individual scales on the lower branches survived 
the treatment, but if this was the case similar results ought to 
have been obtained from some of the other 181 tests made on 
peach with same amounts of cyanide of potassium, even though 
all the trees were not infested at time of treatment. It seems 
more probable that an accident during fumigation of this one 
tree must have occurred. Either the wind caused the fumigator 
to lift frequently during the period of exposure, or an error was 
made in the amount of chemicals used. 

Before drawing conclusions it should be stated that the plums 
found infested after treatment were fumigated after the tents 
were much the worse for wear and badly in need of reoiling. 
In fact, at time of treatment of this small orchard there was 
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always a marked odor of hydrocyanic acid gas to the leeward 
of the trees. Hence conclusions as to what can be accomplished 
by fumigation with the above gas should not be based upon 
results obtained with tents. 


CONCLUSIONS. 


Excluding conditions where tents were used, the results of 
tests for 1900-1901 show that with good covers, debarring acci- 
dents and infestation from other sources, fumigation with hydro- 
cyanic acid gas can be depended upon to exterminate the San 
José scale, on medium sized orchard trees, over small areas. 

Under favorable conditions, the scales were all killed by the 
use of .15 gram per cu. ft. (one-half ounce of potassium cyanide 
per 100 cu. ft.), but as shown later, at least double this amount- 
should be used unless the operator is certain that all conditions 
are favorable. 


AMOUNT AND GRADE OF CHEMICALS TO USE. 


Writers on fumigation with hydrocyanic acid gas have recom- 
mended the use of various formulas. The principal variations 
are in the amounts of acid and water used. Coquillet,! Marlatt? 
and Webster? have recommended the use of one part by weight 
of potassium cyanide, one part by volume of sulphuric acid, and 
two parts by volume of water. Based on the weight of potas- 
sium cyanide, the charge would be represented by the formula 
1-1-2. Smith* recommends a formula of 1-1-8. Johnson® and 
Gould® have recommended the use of 1-14-24; while Craw’ rec- 
ommends 1-1j-8. The author has recommended the use of 
1-14-4. The latter was based on results obtained in all-night 
treatment of forcing houses and in nursery fumigation, where 





Insect Life, 2:208 (1890). 

?Year Book U. S. Dept. Agr. 1896:228. 

*Ohio Agr. Exp. Sta. Bul. 103 (1899). 

‘Rept. N. J. Agr. Coll. Exp. Sta., 1897:467. 
®°Md. Exp. Sta. Bul. 57:79 (1898). 

®°Md. Exp. Sta. Bul. 73:163 (1901). 

™Fourth Rept. St. Board Hort. Cal. 1894:107. 
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the gas was allowed to act for several hours, the excess of water 
being essential to prevent crystallization of by-product. 

The following tables show tests made in orchard fumigation 
under box fumigators, hence should show approximately the 
amounts of acid and water to be used to give most uniform 
results within shortest period of time under varying field con- 
ditions. 

The potassium cyanide used was what is known by dealers as 
“broken cyanide 98 per ct. pure” and unless so stated no addi- 
tional labor or cost was expended in order to have it of a definite 
size. Except where indicated, chemically pure sulphuric acid 
(98 per ct., sp. gr. by test 1.84) was used. 


TABLE IX.—TESTS WITH VARIOUS FORMULAS FOR FUMIGATION. 
FORMULA 1-1-2, 


Time of Time of 
treat- chem. 
KCN. H,SO,. H,O. ment. action. Results. 


Ozs. Fl. ozs. Fl. ozs. Min. Min. 

PO 7.0 14.0 35.0 11.0 KCN in _ two pieces. By-product 
crystallized in 30 min. Temp. 58.5. 

c.0 7.0 14.0 35.0 10.0 KCN in _ two _ pieces. By-product 
erystallized, commercial sulphuric 
acid. 

7.0 7.0 14.0 30.0 17.0 KCN in _ one piece. By-product 
crystallized, commercial sulphuric 
acid. 

7.0 7.0 14.0 35.0 11.0 KCN in two pieces, one large, one 
small. Temp. 45°. 

7.0 7.0 14.0 30.0 5.5 KCN powdered. Temp. 45°. 


FORMULA 1-1-3. 


4.0 4.0 12.0 30.0 * Chem. action not complete, com. acid. 

6.0 GOs Lo Ol yaosd Chem. action not complete, com. acid. 

8.0 So Oe aa oe. O Chem. action not complete, com. acid. 

Lowe a lo.0." 45.0° 35.0 Chem. action not complete, com. acid. 
some large pieces of KON. 

6.5 6.5 19.5 30.0 Chem. action not complete, com. acid. 

Bio) bl. 21 o0.0) 3) Chem. action not complete, com. acid. 
some large pieces of KCN. 

4.5 4.5 14.0 30.0 Chem. action complete, com. acid. 

4.5 AD LAS Ome BOs) Chem. action complete, com. acid. 

1.0 7.0 21.0 35.0 11.5 Chem. action complete, one piece KON. 

fez, 21.525 35.0) 60.0 Chem. action complete, com. acid, 


FORMULA 1-1144-3%4. 
11.25 18.0 39.0 380.0 8.0 KCN in two pieces. Com. acid. 





* In cases where time of chemical action is not given, the tests were made under tents where 
the action could not be observed, 
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FORMULA 1-1144-114, 


Time 
Time chem. 
KCN. H,SO,. H,O. treated. action. Results, 
Ozs Fl ozs. Fl. ozs. Min. Min. 
rea) 8.75 8.75 80.0 16.0 KCN ¥n several pieces. Chemical action 
very slow, considerable brown sedi- 
ment. Com. acid. 
FORMULA 1-114-21%. 
150 8.75 17.5 35.0 5.0 KCN powdered, action violent enough 
to throw contents out of generator.. 
By-product crystallized in 1 hour. 
Com. acid. 
7.0 8.75 17.5 35.0 5.5 Conditions and results same as above, 
chemically pure acid. 
au 8.75 17.5 385.0 4.0 Conditions and results same as above. 
7.0 9.0 18.0 385.0 6.5 KCN no larger than hickory nuts, no 
crystallization. 
7.0 9.0 18.0 35.0 10.0 KCN in one piece. No crystals, 
FORMULA 1-114-314, 
11.25 14.0 36.0 30.0 6.0 Com. acid. 
11.25 14.0 386.0 80.0 8.0 Com. acid. 
11.25 14.0 36.0 30.0 Chem. action complete, com. acid. 
11.25 -14.0° 86:07 30:0 Chem. action complete, com. acid. 
11.25 . 14.0 -386.0' 30:0 Chem. action complete, com, acid. 
FORMULA 1-14-3354. 
4.0 5.0 15.0 380.0 Chem. action complete, com. acid. 
4.0 5.0 15.0 40.0 Chem. action complete, com. acid. 
4.0 OU) rk ae Chem. action complete, com. acid. 
7.0 8.75 26.25 85.0 7.0 IKCN in one piece, chem. pure acid. 
7.0 8.75 26.25 80.0 7.5 KCN in two pieces, chem. pure acid 
7.0 8.75 26.25 30.0 38.0 KCN powdered, chem. pure acid. 
12.0 . 15:0 —45.0°> 30:0: 12:0 , 
FORMULA 1—1%4—3. 
7.0 10.5 21.0 30.0 4.0 KCN powdered, action violent enough 
to throw contents out of generator. 
7.0 10.5 21.0 35.0 6.0 KON in one piece. First period of 
action uniform. 
7.0 10.5 21.0 35.0 6.0 KCN in one piece. First period of 
action uniform. 
FORMULA 1-11444%. 
7.0.7) 20 GSB LISS 9.0 IKCN in one piece. 
These tables show that where large pieces of potassium 


eyanide were used in the formula 1-1-2, the action was too slow 
and the by-product crystallized within a short time. In some 





WITH 0.75 


FOR 30 MINUTES, 


MarcH 16, 


FUMIGATED 


PLATE XV.—PEACH TREE 


GRAM OF 98 PER CT. POTASSIUM CYANIDE PER CUBIC FOOT. 


(Photographed May 24.) 
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PLATE XVI.—PEACH TREE TREATED SAME AS ONE IN PLATE XY, oO? 





(Photographed May 24.) 
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PLATE XVIII.—TRANSFERRING FUMIGATOR FROM ONE TREE TO ANOTHER. 
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PLATE XIX.—FUMIGATOR AROUND TREE, READY FOR CLOSING. 
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- PLATE XX.—METHOD OF CLOSING FUMIGATOR. 
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PLATE XXI.—FUMIGATOR CLOSED, READY FOR DUMPING ,CHARGE. 
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cases the latter interfered with rapid emptying and refilling of 
generators. Where the chemicals were used in the proportion 
of 1-1-8, the action was entirely too ‘slow on the ordinary size 
of broken cyanide. In some instances it was not even complete 
in the period allowed for fumigation of a tree. 

The use of equal amounts of acid and water, even though 
greater than the amount of potassium cyanide, did not give 
increased chemical action. — 

The use of an excess of acid and three times as much water 
did not materially decrease the rate of chemical action. 

In general the table shows that a slight excess of acid and 
two to four times as much water gave fairly good results, but 
in cases where powdered potassium cyanide was used the chem- 
ical action was violent enough to throw the contents out of the 
generator. 

CONCLUSION. 

It should be observed that the smaller the pieces of potassium 
cyanide the less time required for chemical action, no matter 
what ratio of acid and water was used. By the use of one and 
a half times as much acid and three times as much water as of 
potassium cyanide, by volume, the action was nearly as rapid 
with large pieces as with small pieces when used with less acid 
and water. 

Where large quantities of potassium cyanide are broken fine 
there is a waste not only by decomposition on exposure to the 
air but also by its being thrown out of the generator when 
chemical action begins. Having it broken to a definite size, as 
some have recommended means an additional expense of 2 cents 
per lb. on wholesale price, but by using the finely broken 
potassium cyanide and an equal amount of sulphuric acid by 
volume the total cost per charge of chemicals is the same as 
where ordinary broken cyanide is used with one and a half times 
as much sulphuric acid by volume. Hence the principal gain 
in using the ordinary broken potassium cyanide of the trade and 
a larger amount of sulphuric acid is prevention of waste; at the 

20 
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same time uniform chemical action is obtained and spattering 
avoided. 

Although the tests indicate that a formula of 1-14-83, that is 
1 part by weight of KCN, 13 times as much acid and 38 times as 
much water by volume as of KCN, gave best reactions, the 
formula generally recommended for orchard and nursery work, 
viz.: 1-14-24, that is 1 part by weight of KCN, 14 times as much 
acid by volume and 14 times as much water as acid gave as 
good results under most conditions, hence if preferred can be 
followed. If too violent action results more water can be added. 


ABSORPTION OF THE GAS. 


From results obtained in fumigation of forcing houses, we 
were led to assume that the hydrocyanic acid gas either had a 
tendency to bank or was rapidly absorbed as it came in contact 
with moist soil. 

Some tests made during winter of 1899 and the following 
winter on diffusion of gas showed that about 50 per ct. of the 
gas was absorbed by the moist earth. These tests also showed 
that under cloth-covered fumigators the diffusion was quite 
uniform. 

Penny! has shown that in the presence of moist soil over 50 
per ct. of the available gas present in a cubic foot of space is 
absorbed. For example, if .15 grm., an amount recommended 
for fumigation of nursery stock in closed boxes, is used in 
orchard work where it comes in contact with moist earth, only 
075 grm. of this amount becomes available for killing the scale- 
insects. 

These conditions, together with failure, in some cases, to kill 
all the scale-insects on low branches and at base of trees, indi- 
cate that double the amounts of KCN generally recommended 
for fumigation of nursery stock should be used in orchard work, 
at least if complete extermination is the object sought. The 
foregoing tests show that on fairly vigorous orchard trees no 
injury to tree will result from use of this increased amount of 
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KON. Whether the additional expense required will warrant 
the use of this amount should be decided by the operator, and 
in many cases he can even decide from the condition of the 
trees whether it is necessary to use a heavy charge. 


APPARATUS. 
TENTS. 


During 1899-1900 two sizes of sheet tents were made and 
tested for orchard fumigation. Two twenty-foot and two thirty- 
foot tents were constructed at a cost of $15 and $25 apiece for 
the two sizes, by the Richard Fitzgerald Water Proof Co., 38 
South street, New York city, on the following plan: Each tent 
was octagonal in shape, the seams all running to a common 
centre, which was strengthened by sewing on an extra piece 
six feet square. A quarter-inch rope was hemmed in to reén- 
force the bottom. 

After making, the tents were dipped in a mixture of linseed 
oil and lampblack combined with some substance that kept 
them pliable when dry. One large tent was of heavy drill, the 
other large tent and the two small tents were made of sheeting. 

To protect the trees from injury by the tents and at same time 
to prevent tearing the tents with broken branches, U shaped 
bows were made of iron pipe and used over the trees. It was 
thought these bows would not only protect the trees but be an 
aid in sliding the tent on and off the tree, as well as give a uni- 
form size and shape to the enclosed space. Three sizes of the 
piping were tested, viz., one-fourth, three-eighth and one-half 
inch. The first proved worthless, the three-eighths answered 
for the small tents, while the one-half inch answered for all 
purposes. Three of these bows were required over each tree, 
and in order to manipulate four tents to advantage, six sets of 
three each were necessary. The additional cost of the bows 
brought the cost of the outfit to $26 and $39 each, for small 
and large tents, respectively. 

A method of manipulating the tents and the arrangement of 
the bows or arches are shown in Plate XVII. With a little care 
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in setting, these bows furnished approximately the same amount 
of space for each tree, no matter what the size and shape, thus 
making it unnecessary to calculate the amount of chemicals 
that must be used for each, and at the same time prevented 
breaking branches and rubbing the buds from them. The extra 
labor of handling combined with their expense would forbid their 
use except in special cases. The small gain in form, and the 
slight advantage acquired by their use for getting a tent on and 
off a tree was too small to be considered. They could not be 
used on frozen ground as it was necessary to sink them into the 
ground one and one-half to two feet. 

Tents made over thirty feet in diameter require special ap- 
paratus for handling, which adds to the expense of the outfit. 
In addition large tents increase rapidly in cost compared to 
size. Forty-foot tents cost between $45 and $50, when made to 
order. 

BOX FUMIGATORS. 


PREVIOUSLY DESCRIBED FORMS. 


One style of box fumigator, with the method of using and its 
advantages, has been described by V. H. Lowe in Bul. No. 181 
of this Station, hence need not be described at this time. 

The only other form of covering for orchard fumigation that 
has been described and is being used at present time, which is 
not simply a variation of the octagonal tent, is the Emory fumt- 
gator designed and described by Prof. W. G. Johnson. This a 
half-box, half-tent affair for which it is just as difficult to esti- 
mate cubic contents as for a tent; furthermore it is more un- 
wieldly than a tent. 

At first Johnson? claimed that his fumigator could be built 
for $12. An attempt was made in 1899 to purchase a set of 
these fumigators. The price asked was $35 each. In a later 
publication? Johnson puts the cost of construction at $30 apiece. 





*U. 8. Dept. Agr. Div. Ent. Bul. No. 20, n. s., pp. 48-45, 1899. 
et 
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A HEXAGONAL FOLDING FUMIGATOR. 


During the winter of 1900-1901, a folding hexagonal fumiga- 
tor was constructed and tested. 

In building this fumigator an effort was made to shun most 
of the disadvantages met with in using a tent. 

The box designed and used by Lowe overcomes the disadvan- 
tages of a tent but has considerable waste space and is an un- 
wieldly piece of apparatus to store or move any great distance. 
The folding fumigator was constructed with the idea of having a 
gas-tight box of constant capacity, with as little waste space as 
possible compared with its size, which could be taken down and 
folded, if desirable, stored in small space, or conveniently trans- 
ported from one place to another. Like Lowe’s square box, 
this hexagonal fumigator can be placed around a tree instead 
of having to be lifted over it by means of a derrick, a disadvan- 
tage of the Emory fumigator. 

Frame.—Two sizes of this fumigator were built, one eleven 
and one-half and the other twelve feet high. In form they were 
hexagonal, the shortest diameter being eight and one-half and 
ten feet respectively, for small and large size. Each side of 
the frame was made separately and formed a rectangular figure 
6 x 12 ft. in the larger and 5x114 ft. in the smaller. The stiles, 
vertical strips, of each side were made by ripping nine-inch un- 
dressed spruce boards into four pieces. By making the two 
outer cuts on each board at diagonal the rails were beveled on 
one edge at an angle of 60°. (See Fig. 4, Plate XXIV). The 
latter was necessary in order to have each side stand at the 
proper angle. Hence the stiles were 24 inches wide on the out- 
side, 1{ inches on the inside, and 1} inches thick. The top and 
bottom rails and horizontal brace were of the same material, 
14 x2? inches. The diagonal braces were made of 1x2 inch 
stuff. Instead of being mortised the stiles and rails were 
mitered and firmly nailed. To give additional strength a tri- 
angular block was nailed into each corner. The horizonta! 
brace was placed above the center and a diagonal brace below 
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the horizontal ore. This was done to bring all weight as near 
the base as possible. See Plate XXIII. 

The separate sides were hinged together in pairs, the hinges 
being placed outside; after which two pairs were hinged to the 
third, the hinges being placed inside. This allowed of the fold- 
ing of the sides back and forth on one-another so that the whole 
when closed occupied no more surface space than did one rect- 
angular side. It also permitted of the front being opened as a 
double door to a width equal to the shortest diameter of the 
box. Two pairs of 4-inch backflap hinges were required on each 
pair of sides and also for fastening the pairs together. 

The top was constructed in three parts, one rectangular and 
two triangular frames. Except in length and braces the center 
or rectangular portion of top was made the same as one of Lhe 
sides. At first it was only braced by means of two diagonal] 
braces; later a triangular cross-brace was added. See Fig. 2, 
Plate XXIV. This not only prevented sagging of the cover but 
raised it so that water would run off; at the same time it formed 
The remaining parts of the top frame-work consist of two isos- 
celes triangles, the two equal sides of which were of the same 
length as the width of one side of the fumigator. These triangles 
were hinged to the rectangular piece. By nailing a 1x8 inch rail 
around outside the top frame and tacking a small cleat on the 
lower face of this frame, a one-and-a-half inch groove one inch 
deep was formed which fitted top rail of the side frames. See 
Fig. 3, Plate XXIV. Hooks and eyes were used to fasten the 
top to the side frames and also to secure the doors. 

This top not only held the frame in shape, but so braced the 
upper portion that it was only necessary to use a few cross 
braces near the base to make the whole rigid. The arrange- 
ment of these cross braces is shown in Fig. 8, Plate XXIV. 
They were made of 1x 2 inch spruce held in place by means of 
eight-inch shutter hinges. The latter allowed of the braces 
being removed when the fumigator was folded. They also 
allowed of the removal of the front brace when placing the 
fumigator around a tree. 


\ 








PLATE XXIII.—FRAMEWORK OF HEXAGONAL FOLDING FUMIGATOR. 
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Cover.—In all cases unbleached sheeting was used for cover- 
ing the frames. In order to have 4s few seams as possible nine- 
quarter cloth was used on the twelve-foot and eight-quarter on 
the eleven-and-a-half foot fumigators. These widths required 
but one horizontal seam, which in most cases followed the 
middle rail; they also permitted of an over-lap on the top-rail. 
For allowing an over-lap on the stile of each door and a slack 
on two of the hinged angles, to prevent binding when closed, 
twenty-four-and-a-half and twenty-and-a-half yards in length 
of the above sizes were used for the sides of the two sizes of 
fumigators. 

Before attaching cover, all the stiles and top rails of the frame 
were faced with strips of Canton flannel. This not only 
strengthened the hinged angles and increased the packing sur- 
face for doors and top-joints, but also prevented wearing of the 
cover on the rough frame-work. 

By using three pieces of the sheeting, each a few inches longer 
and wider than the middle section of the top-frame, two top 
covers were made as follows: First, one piece was cut length- 
wise into two strips of equal width. Each strip was folded on 
itself and the ends sewed together after which it was cut across 
diagonally forming two triangles. These were sewed to the 
sides of one of the remaining rectangular pieces completing the 
cover. In a similar manner the other strip was made into two 
triangles, sewed to the third rectangular piece and formed a 
second cover. 

When complete the cover was first fastened to bottom rail of 
frame and then stretched to top rail and tacked. In each case 
allowance was made for folds on angles where necessary, and 
excessive horizontal stretching avoided. 

The only difficulty in attaching cover to top-frame was on the 
four angles of the sides. Here a gore had to be inserted to 
allow opening of the top. 

Two grades of sheeting were tested, “ Lockwood ” nine-quarter 
wide costing 15c, and “ Palma” eight-quarter wide at 17$c per 
yard. The latter had a firmer thread and was woven more 
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closely than the “ Lockwood;” as a result it required less oil in 
filling. Undoubtedly a grade of sheeting known as “ Utica” 
costing 20%c per yard for nine-quarter goods would have been 
better than “ Palma” but this would have made the fumigator 
nearly as heavy as if covered with duck. 

Filler.—After fastening cover to frame it was painted with 
the following mixture: Raw linseed oil 5 gal., lampblack, 
ground in oil, 1 lb., melted beeswax 4 lb. Two coats of filler 
were required on Palma and three on Lockwood. 

To make all joints air-tight the edge of each door and the 
groove of the top-frame were lined with double faced Canton 
flannel. To avoid glazing, the Canton flannel should be put on 
after oiling. Felt was tested for the above purpose but cost 
more, was not as easily fitted, did not stay in place as well, nor 
wear as long as Canton flannel. 

Cyanide holders —On the rear cross brace of each fumigator a 
cigar-box with one end removed was rigged for holding the 
charge of potassium cyanide. See c, Fig. 8, Plate XXIV. A 
string passing through a very small hole in one of the rear verti- 
cal rails was attached to the box in such a manner that when 
released the contents were dumped into the generator. 
Earthenware stew-kettles holding from one to two gallons were 
used as generators. | 

Attachments.—F or handling a fumigator four open-bar staples 
were used, one being attached to each side corner. These were 
put on with stove bolts and were easily removed when fumigator 
was folded. By placing sixteen-foot scantlings under the — 
Staples, four men, with a little practice, could easily move a 
10 x 12 foot fumigator. See Plate XVIII. 

Large leather washers were used where all hook and eye 
screws went through the cover, and leather mes were used 
under the staples. 

At first a sod-cloth or flap was attached around base of fumi- 
gator for banking upon in same manner as with tents. This 
proved to be of slight advantage except on very windy days 
when there was danger of the fumigator jumping. The soil 





Plate XXIV.—Details of fumigator construction: 1, Form of fumigator and moy- 
able braces; C, cyanide holder; 2, method of hinging and arrangement of 
braces of top; t, triangular rest for lid and peak for cover; 8, underside of 
top, showing groove to fit frame; 4, method of ripping planks for stiles. 
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could be banked directly against the fumigator, making as close 
a joint as when placed upon thé sod-cloth. As the latter proved 
to be very much in the way when moving the fumigator it was 
removed. 

Cost.—The cost of building a twelve-foot fumigator, not in- 
cluding labor of putting on cover and oiling of same was $27, 
while the cost of the smaller size was $22.37; hence the entire 
cost of building such fumigators ought not to exceed $30 and 
$25 respectively. 

Manipulation—The method of using and handling the folding 
fumigator after treating a tree was as follows: First, the front 
lid of top was unhooked and turned back, the doors were opened 
next and the front brace removed. By having the open-bar 
staples placed at the proper height the poles used for carrying 
the fumigator rested upon the workmen’s shoulders, allowing 
them one hand free for lifting branches or holding the doors 
open. See Plate XVIII. After placing the fumigator around a 
tree the charge of cyanide was placed in its receptacle, the 
generator being placed beneath the latter; next, the brace was 
replaced, the doors brought together, the lid closed and hooked, 
after which the doors were hooked and base of fumigator 
banked. See Plates XIX, XX and XXI. 

A light pole for unfastening hooks and opening lid proved use- 
ful. With the aid of an anchor rope the same pole proved 
handy for closing the lid especially on the twelve-foot fumiga- 
tors. 

Whenever the wind was not too brisk and a fumigator had to 
be moved but a short distance it was found unnecessary to use 
the front brace. By the use of all braces and the addition of 
anchor ropes the folding fumigators could be used on days when 
the wind was too heavy for handling tents; they could also be 
anchored and left standing in an orchard over night. 

With a set of four folding fumigators and five men, forty trees 
could be fumigated in a day. In no case was the time of ex- 
posure less than thirty minutes and in most cases it exceeded 
forty-five minutes. With the four fumigators there were 
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periods in which sets of trees were covered, fumigated and un- 
covered in forty minutes. At this rate it was estimated that 
with the same number of men and six fumigators ninety trees 
could have been fumigated in ten hours. Possibly with a set of 
twelve fumigators one operator with a crew of eight men might 
have fumigated one hundred and fifty to one hundred and eighty 
trees in ten hours, but in no case would it be possible for them 
to fumigate two hundred trees in the same time. 
Advantages.—The principal advantages of this style of fumi- 
gator lie in the fact that it is of constant capacity so that the 
operator does not need to guess at size of trees and vary the 
amount of chemicals used for each; that it can be placed around 
a tree and not require a derrick to lift it over the same, as is the 
case with tents and the Emory fumigator; that it contains a 
minimum amount of waste space compared to its size, and can 
be stored in comparatively small space. In addition it has the 
advantage of rarely breaking the trees or rubbing off the buds. 


ESTIMATING CONTENTS OF TENTS OVER TREES. 


The method usually followed in California has been to esti- 
mate the height of a tree and diameter through the foliage, and 
from this the amounts of chemicals to be used are determined 
by tables previously computed. Johnson! has given a similar 
table but there is an error in his method of estimating the cubic 
contents of tented trees with the result that the amounts given 
in the table are in most cases nearly double what they should 
be, providing he intended to use but .20 gram potassium cyanide 
per cubic foot as stated. The amounts given in table show that 
about .40 gram per cu. ft. was used. He gives the following 
rule for estimating contents: “ First, I calculated the contents 
of a cylinder whose height and diameter are the height and di- 
ameter of the tree, then calculated the contents of a sphere 
whose diameter is the height of the tree. Then by taking half 
the difference and adding it to the contents of the cylinder, I 





1Md. Agr. Exp. Sta. Bul. 57, p. 79. 
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found my estimation was approximately correct.” The 
diameters given in table indicate that the measurements were 
taken through the widest portion of the tree. Now a cylinder 
whose height is the same as the height of a given tree and its 
diameter the diameter of the tree through the widest portion, 
surely contains more cubic space than could be included under a 
tent thrown over the same. Adding half the difference between a 
cylinder and a sphere, the height of one and the diameter of the 
other being the same as the height of the tree, to the contents 
of the cylinder, makes the contents of the tented tree much more 
than they should be. 

All trees, no matter what their shape, when covered with a 
tent form approximately half a spheroid or ellipsoid, whose 
major axis is twice the height of the tree and minor axis the 
diameter of the tree through its widest portion. In most cases 
the contents of the tent will be slightly less than a hemispheroid 
of the same height and diameter. Hence we have the following 
rule which is accurate enough in actual field work: Multiply - 
the height of the tented tree by the square of the diameter 
through the branches, and this product by the constant 5236. A 
more simple rule is to multiply the height of the tented tree by 
the square of the diameter and this by one-half the number of 
grams of potassium cyanide to be used per cubic foot. The prod- 
uct will be the total amount, in grams of potassium cyanide 
required for each tree. To reduce this to ounces divide by 28.35. 
This rule applies only to tented trees. 

Although in itself the foregoing rule is simple, its application 
is not so easy. It is not an easy matter to estimate the dimen- 
sions of a tented tree and much depends upon the skill of the 
operator in fixing the size. rie 

Most tables are intended as a guide for guessing at the con- 
tents of a tented tree, although some writers have failed. to state 
whether measurements should be made before or after tenting 
the tree. 
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ESTIMATING CONTENTS OF BOX FUMIGATORS. 


The cubic contents of rectangular boxes are easily computed. 
To estimate the contents of a hexagonal fumigator, multiply the 
width of one side by one-quarter of the shortest diameter, and 
this product by the number of sides and by the height; this will 
give the cubic contents. 


COMPARISON OF VARIOUS FUMIGATORS. 


Tents.—The principal advantages of tents for orchard fumiga- 
tion are that they require less chemicals and have less waste 
space than any other form of covering, and that they can be 
easily folded for storing or for transportation from one place to 
another. Their objectionable features lie in the facts that the 
space enclosed by them cannot be accurately estimated; that 
this space and the amount of chemicals must be determined for 
each tree; and that they rest directly upon the tree and are liable 
not only to break the branches but to rub off many of the buds. 
Furthermore, they are apt to be torn by the broken branches, 
which, with constant abrasion in folding, causes them to leak. 
The result is that there is no certainty as to the thoroughness of 
the work done. When made over 30 feet in diameter they not 
only require a derrick for handling, but increase rapidly in cost. 
In addition, an expert is required where tents are used, to esti- 
mate contents. 

Box fumigators—Box fumigators! whether folding, opened by 
removal of one side or lifted bodily over a tree, have the advan- 
tage of constant dimensions, hence the amount of chemicals for: 
charging can be accurately estimated and need be determined 
but once for all. They have the further advantage of not rest- 
ing upon the tree, thus they rarely break the branches or rub 
buds from them; they are not as apt to be torn, therefore give 
more uniform results and last longer; they have the disadvan- 
tage of requiring more chemicals than do tents, they are more 
unwieldy to handle, store or move from one orchard to another. 
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The hexagonal folding fumigator has an advantage over all 
other forms of so called box fumigators in, that it contains the 
least amount of waste space, and that it can be folded into 
small compass for transportation or storage. 

For fumigation of deciduous trees over ten and under sixteen 
feet in height hexagonal folding fumigators can be constructed 
and handled at less cost than can tents, but the additional ex- 
pense for chemicals required by the folding fumigator would 
probably more than counterbalance the difference. 

All forms of covers used in orchard fumigation have a dis- 
advantage in that there is a limit to the size which can be 
handled. As yet no single cover has been devised for trees over 
20 feet high. Marlatt! states that citrus trees 30 feet high are 
fumigated in California by using two sheets, one overlapping the 
other. (It should be noted that he describes the handling of 
these tents by means of 25-foot poles with tackle. It is a 
mechanical impossibility to use tackle of this size on trees over 
25 feet high.) Lapping one sheet over the other and making a 
tight joint may be possible on citrus trees and thorough enough 
for “ black scale,” but could not be made to work on deciduous 
trees for San José scale. 

It is not advised that any one attempt the building and hand- 
ling of folding fumigators over 16 feet high and never more than 
10 feet in diameter or with 6-foot sides. We believe that fumi- 
gators with 5 foot sides and 15 or 16 feet high can be handled as 
easily as the 12 foot fumigators with 6-foot sides. When con- 
structed over 12 feet high spruce rails cannot be used for stiles. 


COST OF FUMIGATION. 


So many factors have to be taken into account in estimating 
the expense of fumigating trees in an orchard, that it is only 
possible to give an approximate estimate of cost. Even this 
must be conditioned not only by style of fumigating outfit used, 
but also by size and shape of tree to be fumigated as well as the 
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varying price of chemicals and the distance they have to be 
shipped. 

Johnson states that chemicals cost from six to seven cents for 
trees 12 to 17 feet high. Apparently this estimate is based on 
pear trees. 

By using a uniform charge of .25 gram of potassium cyanide 
per cubic foot and one and a half times as much acid by volume, 
the chemicals to fumigate a low-grown peach tree 10 feet high 
by means of a tent, in our work cost 104 cents, while the chemi- 
cals for the same tree, when the 114 foot folding fumigator was 
used, cost 15 cents. 

With an outfit of four tents or four folding fumigators, the 
labor required to fumigate a tree cost 16 cents, making a total 
of 263 and 381 cents per tree respectively. The expense of labor 
in each case is based upon the cost of one head operator and 
four helpers all employed by the day, also on condition that this 
force fumigate fifty trees in a day of ten hours, allowing 40 
minutes for each tree. It was estimated that with an outfit of 
six tents or the same number of folding fumigators, the same 
force could fumigate 90 trees in a day, in which case the cost of 
labor per tree would have been reduced to 9 cents each, or a 
total of 194 and 24 cents respectively for tents and fumigators. 

The foregoing does not include cost of outfit. Ata rough esti- 
mate six tents costing $150 could by patching and re-oiling be 
made to last long enough to fumigate one thousand trees. 
Hence the cost of outfit for each tree would be 15 cents making 
a total cost per tree of 344 cents. (Chemicals 104 cenis, ap- 
paratus 15 cents and labor 9 cents.) The total cost per tree 
cannot be computed on same basis for folding fumigators, for 
with the same amount of patching and care in handling, the 
latter would last indefinitely. 

As shown under “ Absorption of Gas” it is best in orchard 
fumigation to use at least .30 gram of potassium cyanide per 
cubic foot of space, or about one ounce for every 100 cubic foot. 
The cost of chemicals will be proportionately increased, being 
about 125 cents for tents and 18 cents for folding fumigators 
for trees 12 feet high. 
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STABLE MANURE AND NITROGENOUS 
CHEMICAL FERTILIZERS FOR 
| FORCING LETTUCE.* 


S. A. BEACH AND H. HASSELBRING. 


SUMMARY. 


In the experiments here reported nitrogenous commercial fer- 
tilizers were compared with each other as to their effect on the 
forcing of lettuce. The particular forms in which they were 
tested were dried blood, nitrate of soda, dried blood and nitrate 
of soda combined, and sulphate of ammonia. With each of these, 
acid phosphate and muriate of potash were used in quantities 
designed to exceed the needs of the crop. 

The use of these commercial fertilizers without stable manure 
resulted in a decided increase in yield over crops on correspond- 
ing untreated soil but proved inadequate for forcing the lettuce 
in a sufficiently short time to be profitable. On the clay loam 
with no stable manure a better yield was generally obtained 
where nitrate of soda was used than where either sulphate of 
ammonia or dried blood was used. On the sandy soil the results 
with dried blood were generally superior to the results with the 
nitrate of soda or sulphate of ammonia. With sulphate of 
ammonia the results were very variable. 

Dried blood combined with the smaller percentage of manure, 
gave, in the aggregate, better results than either nitrate of soda 
or sulphate of ammonia similarly combined. 

The best crops were grown where the soil was fertilized with 
stable manure. 





*Reprint of Bulletin No. 208. 
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Those portions of soil which received applications of 5 per ct. 
of manure in combination with the commercial fertilizers always 
showed a very great increase in yield over corresponding soils 
which were treated only with the commercial fertilizers. Fur- 
ther increase in the manure, however, was not followed by a 
corresponding increase in the yield. 

When soils similar to those under test are used for the first 
time for forcing a crop of lettuce, much more manure may doubt- 
less be used with profit than would be profitable where manure 
has been used abundantly with previous crops. 

Where the use of manure is continued year after year on soil 
originally not rich enough to force good lettuce the optimum 
amount may be expected to decline first towards 10 per ct., 
eventually to approach 5 per ct. 

The amount of manure which may be used with good economy 
in forcing lettuce varies with the character of the soil and of 
the manure, and also with the differences in prices received for 
fancy lettuce and ordinary lettuce. For these reasons no definite 
amount can be recommended. 

Repeated applications of excessive quantities of manure to the 
Same soil are not good economy. Manure is thus wasted and 
the yield may be reduced. 

Where large amounts of manure were incorporated in the soil 
for forcing lettuce the yield was increased by compacting the 
soil. This shows that unfavorable effects which follow excessive 
applications of manure may be caused in part, at least, by 
thereby loosening the soil so much as to put it in an unfavorable 
mechanical condition for the lettuce plant. 

The clay loam used in these experiments has always proved 
superior to the light sandy loam for forcing lettuce when both 
were fertilized with equal amounts of stable manure. - 


INTRODUCTION. 


In forcing lettuce may nitrogenous commercial fertilizers be 
used profitably either with or without the addition of stable 
manure? This is a question of considerable importance to those 


$ 
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who are engaged in growing lettuce under glass. In preparing 
the soil for forcing lettuce it is not unusual for market gardeners 
to cover it from 2 to 3 inches deep with manure and then work 
the manure in. Some growers recommend applications 1 or 2 
inches deep.t If another lettuce crop is to follow the first one 
immediately, another, though perhaps less heavy, application of 
manure is made as soon as the first crop is removed. In some 
lettuce houses, and especially in those of modern type, the soil 
is not often renewed and the repeated heavy applications of 
manure supply it with humus and plant-food in great abundance. 
May there not be an extravagant use of manure under kuch 
circumstances? 

One of the authors reports in Bulletin 146 of this Station some 
investigations bearing on this point. It is there shown that the 
amount of manure which may be profitably used.in forcing let- 
tuce varies with different soils; also that the use of excessive 
quantities of manure has a detrimental effect on the crop as 
compared with more moderate use. It appears, therefore, that 
many gardeners in trying to make the soil very rich for forcing 
lettuce overdo the matter and not only waste that portion of the 
manure which exceeds the requirements of the crop but reduce 
the yield below that which would be given on the same kind of soil 
with less mamre. 

On subsequent pages there is given an account of our inves- 
tigations bearing upon the economical use of manure in forcing 
lettuce and also upon the question of profitably combining nitrog- 
enous commercial fertilizers with stable manure or substituting 
them for it in forcing this crop. Before passing to the consid- 
eration of this work it will be well to inquire what has been 
previously published on the subject. 


PREVIOUS INVESTIGATIONS, 
Scarcely any mention of fertilizer experiments on lettuce 
under glass is found in European literature. The investigations 
on this subject which have thus far been reported have been 





*Amer, Gard., Supplement of Jan, 22, 1898; Rural N, Y., 1898 : 871, 
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almost wholly confined to American agricultural experiment 
stations. The most important results of these investigations are 
summarized in the following paragraphs. Mr. F. H. Hall has 
kindly assisted in preparing this summary. 

In experiments in 1888-9 by Maynard,” on lettuce under glass, 
muriate and sulphate of potash, nitrate of soda, sulphate of 
ammonia and dissolved bone black were used on two crops; the 
same fertilizers and nitrate of potash on a third crop. These 
were applied dissolved in water, but the amounts used and the 
character of the soil are not stated. Mildew affected all plats, 
the nitrate of soda plat worst. 

Sulphate of ammonia gave the best lettuce with two crops, 
but a decidedly inferior product for the third crop. Nitrate of 
soda, and both muriate and sulphate of potash were of no bene- 
fit; even apparently injurious in some crops, the results with 
sulphate being quite unfavorable. Bone black gave conflicting 
results. The single test with nitrate of potash showed apparent 
benefit. 

In 1892 Green® applied various nitrogenous fertilizers to let- 
tuce and other greenhouse crops on a rich compost, using double 
the amount applied in outdoor work. No benefit was obtained, 
thus showing that the limitations of these fertilizers, so far as 
stimulating plant growth on such soil is concerned, are narrower 
than some had supposed. 

In 1892-3 Goessmann! grew lettuce under glass on a sandy 
loam very low in humus and fertilizing ingredients. Commer- 
cial fertilizers and chemicals were used in various combinations, 
each box receiving the same amount of nitrogen, potash and 
phosphoric acid, the last always in dissolved bone black. 

Maynard’s results with muriate of potash were confirmed by 
the strikingly unfavorable influence shown by it in these tests; 
but, contrary to his experience, potash in the simple sulphate 
or the magnesia sulphate gave the most satisfactory growth. 





*Maynard, 8S. T. Mass. Hateh Sta. Bul. 10:1-5 (1890). 
Green, W. J. Ohio Sta. Bul. 48:100, 101. 
*Goessmann, C. A. Mass. State Sta. Ann. Rept. 1893:241-261, 
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In the following year, where a combination of phosphate of 
ammonia and sulphate of potash was used, supplying the soil 
.0004 per ct. of potash and .0001 per ct. each of phosphoric acid 
and nitrogen, the seed did not germinate well nor the plants 
grow vigorously. 

Sulphate of ammonia in combination gave poorer results in 
every case than the other forms of nitrogen. Ag in previous 
tests, the results with muriate of potash were less favorable 
than those with the sulphate. Carbonate of potash-magnesia with 
dissolved bone biack and dried blood or with double superphos- 
_ phate and nitrate of soda gave very satisfactory growth. Goess- 
mann concludes that soluble saline compounds should not be 
used in excess in lettuce fertilizers, especially not under glass. 

Jenkins and Britton® report interesting data on the amount of 
nitrogen taken from the soil by forced lettuce and the quantity 
necessary to supply in fertilizers to meet this demand. The soil 
used was sifted anthracite coal ashes mixed with 5 per ct. of 
peat moss and fertilized with sufficient quantities of chemicals. 
Simpson White-seeded Tennis Ball lettuce was, after two trans- 
plantings, grown to maturity on this medium. 

The lettuce was of good quality, though not claimed to be 
equal to the best grown in rich natural soil. The time of growth 
is not stated. The draft on the soil by the entire plants of 1000 
heads of lettuce thus grown was 282.6 grams nitrogen, 87.7 
grams phosphoric acid and 621 grams potash. To meet this 
demand would require fertilizers equivalent to 1105 lbs. per 
acre of nitrate of soda, 331 Ibs. dissolved bone black and 394 lbs. 
muriate of potash. 

In 1897 Watts® published a report of some experiments in 
which nitrate of soda gave good results when applied three 
times to loose lettuce in pots. It was applied to each pot at the 
rate of 2 oz. dissolved in one-half pint of water, making the total 
amount for the season 14 ozs. per plant. 





‘Jenkins and Britton. Conn. State Sta. Ann. Rept. 1895:93-95, 
*Watis, R. L. Tenn. Agr. Exp. Sta. Bul., X, 2:27. 
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Jenkins and Britton’ continued the experiments previously 
noted and found that, on the coal-ash and peat-moss soil, 1.8 
grams nitrogen, .556 gram phosphoric acid and 3.03 grams 
potash per square foot gave as good results as larger amounts. 
This is equivalent to 1079 lbs. nitrate of soda, 320.4 lbs. dis- 
solved bone black and 582.8 lbs. muriate of potash per acre. 
The mixture of coal ashes with 5 per ct. of peat moss gave larger 
yields than coal ashes alone, but was not equal to mixtures 
containing 9 to 12 per ct. of moss. None of these mixtures 
gave as much or as good lettuce as compost soil (sod and manure 
rotted) with the same amounts of fertilizers. Head lettuce and 
loose lettuce gave the best results on rich compost soils without 
either lime or chemical fertilizers. ‘The results on the limed 
plats were better than on the chemical fertilizer plats. 

In 1900 these authors’ report much better crops from compost 
without chemical fertilizers than from the coal-ash and peat-moss 
mixtures with such fertilizers. On this artificial soil nitrogen in 
ground bone gave best results; in cotton-seed meal, poorer 
results, and in nitrate of soda poorest results. The authors 
believe that the poor texture of both the coal-ash and peat-moss 
mixture and the compost make it impossible to produce on them 
lettuce of the best quality. The character of the compost is 
not given. 

Stuart,? in the winter of 1896-7, used chemical fertilizers in 
growing lettuce on a black loam soil unfertilized for several 
years and believed to be quite deficient in plant-food. Diiferent 
plats were supplied liberally with muriate of potash alone or 
in combination with either or both dissolved bone black and 
nitrate of soda. A loose lettuce, Grand Rapids, was grown on 
all plats. The watering was by sub-irrigation. The muriate 
alone or with nitrate of soda gave unfavorable results, as in 
tests of Maynard and Goessmann; but the muriate with dis- 
solved bone black gave a marked increase in the crop. The 





‘Jenkins and Britton. Conn. State Exp. Sta. Rept. 1899:224—226. 
*Conn. State Sta. Rept. 1900: 298-301. 
*Stuart, Wm. Ind. Sta. Bul. 66 (Oct., 1897). 
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results were similar, though less marked, for the muriate in 
combinations, when a second crop was grown on the same plats 
without additional fertilizer; but the injurious effect of the 
muriate alone had worn off, apparently, for the yield with it was 
greater than on the check plats. 

Nitrate of soda with both muriate of potash-and dissolved 
bone black appeared beneficial, instead of injurious as when 
combined with muriate alone. 

In this connection the results of Brooks and Thomson’s!’ field 
experiments with onions are of interest. They found that lim- 
ing the soil or the free use of dissolved bone black overcame the 
unfavorable effects from the continued use of muriate of potash 
alone or the more unfavorable results when it is used with 
nitrate of soda. The presence of sulphate of lime in the dis- 
solved bone black probably accounts for the corrective iniuence 
of the latter. 

Experiments at this Station™ from 1895 to 1898 devoted prin- 
cipally to the merits of different soil mixtures for forcing lettuce, 
were also planned to show the effects of some different fertil- 
izers. Ona soil containing 15.5 per ct. by weight (25 per ct. by 
bulk) of manure, nitrate of soda gave a slight increase in growth, 
but when the soil contained 33 1-3 per ct. of manure, the use of 
the nitrate made no better growth. 

Acid phosphate, 600 lbs. per acre, and sulphate of potash, 400 
Ibs., did not increase the crop on the 15.5 per ct. manure soil; 
but doubling these amounts of phosphoric acid and potash gave 
later maturing and slightly heavier heads of lettuce than the 
manure alone. The addition of 33 1-8 per ct. of manure to sandy 
loam soil resulted in poorer crops of lettuce than were grown on 
the same soil with commercial fertilizers. On clay loam the 
manure gave excellent crops better than the fertilizers without 
manure. The cumulative effect of fertilizers was not studied, 
the soils being renewed each year. 





Brooks, W. P., and Thomson, H. M. Mass. Hatch Sta. Ann. Rept. 
1891 :108-112. 

“Beach §. A. N. Y. Agrl. Exp. Sta. Bul. 146:151-179; also Ann Rept. 
-1898:461-491. bn Wek 
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In Jordan’s!? experiments in New Jersey, extending from 1896 
to 1899, seven crops were grown on a prepared soil (8 parts turfy 
loam, 2 parts manure and 1 part sand), on clay soil and on sandy 
loam. The fertilizer plats all received muriate of potash, 200 
lbs. per acre, and acid phosphate, 350 Ibs., with 320 lbs. nitrate 
of soda or equivalent nitrogen in sulphate of ammonfa or dried 
blood. The prepared soil alone gave one-fifth better results than 
the same soil with fertilizers, and was not equalled by the other 
soils, fertilized or unfertilized. The use of lime on the prepared 
soil decreased the yield 12 per ct., but increased the yield where 
chemicals were used. 

Card, in 1899, grew lettuce in pots, with results indicating 
that chemicals would give as good lettuce as stable manure. In 
1900 he grew three crops on the greenhouse bench and, in codp- 
erative work, two crops on a solid bed in a commercial forcing 
house. Chemical ferilizers were far behind stable manure in 
yields produced, even on soil lightened by adding moss and sand. 
In the commercial house, presumably on a rich loam soil, with a 
layer of manure under the soil a top dressing of bone black, 
nitrate of soda, muriate and sulphate of potash gave better 
lettuce than a top dressing of manure. In a second test this 
combination with ground bone in place of bone black gave better 
results than acid phosphate, nitrate of soda and sulphate of 
potash combined or any two of them together. 

In continuing his experiments, Stuart! used much smaller 
proportions of muriate of potash than in former tests. Little 
difference was observed between the muriate and sulphate when 
they were used with raw bone meal alone or with the bone meal 
and nitrate of soda; and the difference favored the muriate. 

The stable manure tests are especially interesting in connec- 
tion with the experiments to which this bulletin is devoted. 
Black loam soil deficient in plant-food, fertilized with acid phos- _ 





2Jordan, A. T. N. J. Agrl. Exp. Sta. Rept. 1899:149-159. 

BCard, F. W. R. I. Sta. Repts., 1899:135, and 1900:252. 

“Stuart, Wm. Ind. Sta. Bul. 84:115-142 (1900). See also Amer. Gard. 
21:94. 
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phate alone or in combination with either nitrate of soda or 
muriate of potash or both, all in liberal quantities, did not give 
as good a crop as a soil made of sod composted with one-fourth 
its bulk of stable manure; but where a very heavy application 
of raw bone meal was made the yield was 7 per ct. greater than 
with the compost. The acid phosphate, muriate of potash and 
nitrate of soda combination gave a yield nearly equal to that on 
the compost, but with the other applications the yield was much 
reduced. . 

In the next experiment the black loam soil was mixed with an 
equal bulk of stable manure, and gave a considerably better crop 
than was secured from the use of raw bone meal alone or com- 
bined with either nitrate of soda or muriate of potash, but a 
poorer yield than that from the three fertilizers combined. 

Nine different fertilizers or fertilizer combinations were 
tested in the next experiment. Manure made up half the bulk 
of one soil, five-eighths that of another. In the first crop. both 
manured soils gave poorer yields than any other fertilizer or 
combination; in the second crop, on the unchanged soils, the 
pots containing one-half manure ranked seventh in yield, those 
containing five-eighths manure, first. The comparatively slight 
differences in the higher yields of the previously mentioned ex- 
periments might be attributed to differences in the kind of plant- 
food or to variations in vigor of the plants. Some other ex- 
planation must be given for the great deficiency in yield on the 
manure pots in the first crop in this test, especially since one of 
the manured soils without more plant-food gave the largest 
yield in the second crop. The extremely low yields with manure 
in the first crop parallel some of our results showing deleterious 
effect when excessive quantities of manure were used, with 
superior results from less manure. 

For immediate results nitrate of soda did better than dried 
blood, but where a second crop was grown without repeating the 
application of the fertilizers the dried blood gave the better 
results. 


OUR INVESTIGATIONS FROM 1898 TO 1901. 


GENERAL CONDITIONS. 


OBJECT OF TESTS. 


We have called attention on pages 323 and 327 to the methods 
of using stable manure which are often practiced by gardeners 
in forcing lettuce and to the investigations bearing upon this 
subject which were published in Bulletin 146 of this Station. 
The experiments which are now reported form a portion of the 
series of investigations begun in 1895 concerning the selection 
and preparation of soils for forcing lettuce and the economical 
use of stable manure and commercial fertilizers for this crop. 
In the fall of 1898 the experiments were directed to the question 
of the use of nitrogenous fertilizers. It was decided to try com- 
mercial nitrogenous fertilizers for forcing lettuce both with and 
without stable manure. Director Jordan assisted in formulat- 
ing the plans for testing these fertilizers. His counsel has also 
been sought at various times during the progress of the work. 
In the fall of 1900 Mr. Hasselbring became associated in the 
work. He has assisted in taking notes and in preparing this 
account of the experiments for publication. 


THE HOUSER. 


The experiments were conducted in the forcing house which 
had been used for the preceding investigations. Its arrange- 
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ment is illustrated and partly described in Bulletin 146.% It is 
of iron-frame construction and is so arranged that the condi- 
tions of light, heat and ventilation may be kept remarkably uni- 
form throughout. The portion used for the plants is separated 
from the walls by walks. The plants were grown in boxes ar- 
ranged on benches as indicated in the diagram opposite. The 
numbers in this diagram correspond to the soil treatment num- 
bers given in Table IV. 
THE BOXES. 


In testing the action of particular factors upon plants it is 
essential that all conditions be under the best possible control 
so that the other factors which are not being tested shall be uni- 
form. At the same time it is desirable that the conditions of the 
experiment conform to ordinary horticultural practice so far 
as this can be done without lessening the reliability of the test. 
It was decided that these conditions could best be fulfilled in 
these experiments by growing the plants in small wooden boxes. 
These have an advantage over benches or sections of benches 
in that plants receiving similar treatment may be distributed in 
various locations in the house. With such an arrangement there 
is a tendency to equalize in the average results any inequalities 
which may exist in the environment in different locations in the 
house. Moreover boxes may be easily handled for weighing or 
photographing. The boxes were made 15x 15x88 inches inside. 
They were not filled quite to the top and some space at the 
bottom was occupied with gravel for drainage so that the soil 
in each box was about 7 inches deep, which is not far from the 
depth of soil ordinarily found on greenhouse benches. The 
boxes easily accommodate four lettuce plants, one near each 
corner. 

THE SOILS. 

Both a medium clay loam and a very light sandy loam were 

used in these experiments. Each particular treatment as regards 





*®N. Y. Agr. Exp. Sta. Bul. 146 :162 and Pl. II; Ann. Rept. 1898 : 471 and 
Pl. XLIV, 
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fertilizers was tried upon both kinds of soil. The clay loam 
was composed of rotted sod from an uncultivated field. The 
sandy loam was from the side of a cultivated field where part of 
it had been drifted by winds. It could not support nearly so 
heavy a sod as the clay loam, and contained less humus and 
also less nitrogen, phosphoric acid and potash, as the following 
analyses show. These analyses were made by Messrs. W. H. 
Andrews and A. D. Cook. 


TABLE J.—ANALYSES OF THE CLAY LOAM AND THE SANDY LOAM. 


(AIR DRIED SAMPLES.) 


Nitrogen. Phosphoric acid. Potash. 

Soil. (N.) (P,0,.) (K,0.) 

Perictss - Per ct. Per ct. 

Clay MOAI aiitds ss cee phates wyaie'n 0.215 0.075 0.469 
Sandy: 46838 -s.05:s50 «ee cole she bie 0.052 0.067 0.121 


NITROGENOUS FERTILIZERS TESTED. 


In these tests organic nitrogen was used in the forms of stable 
manure and dried blood, and inorganic nitrogen in the forms of 
nitrate of soda and sulphate of ammonia. These are among the 
most important nitrogenous fertilizers of commerce. The chem- 
ical fertilizers just mentioned were tried both with and without 

*'These soils were similar to those used in the work of 1897-8, air-dried 


samples of which, as determined by official methods, gave the following 
analyses. (See Bul. 146 and Ann Rept. 1898.) 


TABLH A.—CHEMICAL ANALYSES OF CLAY LOAM AND SANDY LOAM. 
i (CROP OF 1897-8.) 


Phos- 
phoric 
Moisture. Nitrogen. acid. Potash Lime. Organic 
Soil. (H,0.) (N.) (2,0 5:) (K,0.) (CaO.) matter. 
Per ct. Per ct. Per ct. Perct. Perct. Percet. 
Clay SlOAIN.G, tise cles wales wes cae 6 13.3 237 -067 318 1.022 7.81 
Clay loam, water-free....... 0. . 236 .077 .368 1.179 9.01 
DAL y milo ee mene eee eee 14.0 075 oats bl 083 343 2.68 
Sandy loam, water-free...... 0. -087 ~129 .097 .399 3.12 


TABLE B.—MECHANICAL ANALYSES OF CLAY LOAM AND SANDY LOAM. 
(CROP OF 1897-8.) 


Clay Loam. Sandy loam. 

Per ct. Per ct 
PINE ZVAVSMUV Vs dakivs vente set's ce enesbecescensscccccabecens ‘e 8.32 0.51 
COarse “Sand sic seoaase cee culate sae eee re en Ute a 5.20 0.69 
Medium: sands. 22S EPR SEE PPE. Bas recut 20.71 9.49 
Bin@sSan ds. cict oa b oetk ste nen tn ee eee 43.45 (Hane 
Very finite sands. ive ees esc eee oe tne eee eee 94 2.44 
BE Enc BN eS i Sdn adh bicehs lth stoek on CRa ohh s Maus ede ae reeee 7.96 1.60 
MING SIIG alerts st eie See ( eee Go os Oe eee ae 1.64 1.23 
GIAY Sia h ses ced veenesesas cn saneeavens Sten ws ae ey pMeetneee” 9.86* 3.797 
OTZaANIC=MAtler acs o.s3< ews Seeks eee iote tere eee ee 7.02 2.75 


*Including 1.39 unsettled clay. tIncluding 1.03 unsettled clay. 
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PLATE XXV.—D1AaGRAM SHOWING ARRANGEMENT OF BOXES FOR THE DIFFERENT SoIL TREATMENTS. SEE TABLE IV. 
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SANDY LOAM. CLAY LOAM. 
Fic. 1. COMMERCIAL FERTILIZERS AND 5 PrpR CT. MANURE. 





SANDY LOAM. CLAY LOAM. 
FieG. 2. COMMERCIAL FERTILIZERS AND 10 PER CT. MANURE. 





SANDY LOAM. CLAY LOAM. 
Fic. 8. COMMERCIAL FERTILIZERS AND 20 PER CT. MANURE. 
PLATE XXVII.—CRopP oF 1900-’01. 
(Photographed a few days before harvesting.) 
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Fic. 1. NEITHER COMMERCIAL FERTILIZERS NOR STABLE MANURE. 





Fic. 2. COMMERCIAL FERTILIZERS BUT NO STABLE MANURE. 
PLATE XXXI.—CROP oF 1898-’9, on SANDY LOAM. 
(Photographed about three weeks before harvesting.) 








Fiag. 1. COMMERCIAL FERTILIZERS AND 5 PER OT. MANURE. 





Fie. 2. COMMERCIAL HERTILIZERS AND 10 PER CT. MANURE. 


PLATE XXXII.—CRop oF 1898-’9, on SANDY LOAM. 
(Photographed about three weeks before harvesting.) 
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rig. 1. ON SANDY LOAM. 





Fig. 2. ON Cuay LOAM. 


PLATE XXXIII.—CrRop or 1898-’9. COMMERCIAL FERTILIZERS WITH 20 PER CT. 
MANURE. 
(Photographed about three weeks before harvesting.) 
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Fig. 1. COMMERCIAL HERTILIZERS AND 10 PER CT. MANURE. 





Hig. 2. COMMERCIAL HERTILIZERS AND 5 PER CT. MANURE. 


PLATE XXXIV.—CROP oF 1898-9, ON CLay LOAM. 
(Photographed about three weeks before harvesting.) 
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Fic. 1. COMMERCIAL FERTILIZERS BUT NO MANURE. 





Fic. 2. NEITHER COMMERCIAL FERTILIZERS NOR STABLE MANURE. 


PLATE XXXV.—CROP OF 1898-’9, oN CLAY LOAM. 
(Photographed about three weeks before harvesting.) 
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stable manure, the latter being used in different amounts on 
different portions of soil. Although stable manure is very rich 
in nitrogen it contains other kinds of plant-food including 
important amounts of phosphoric acid and potash. Besides this 
it adds humus to the soil and changes its physical condition in 
such a way as to modify the soil fertility. For these reasons it 
cannot be classed as a simple nitrogenous fertilizer, and there- 
fore is not comparable as such with the other nitrogenous ferti- 
lizers above mentioned. 

In previous tests where manure constituted 33 1-3 per ct. by 
weight of the soil no increased growth followed the application 
of nitrate of soda but where it constituted but 15.5 per ct. of 
the weight the addition of nitrate of soda was followed by some 
increase in the crop. In view of these facts it was decided to 
try the nitrogenous chemical fertilizers on soils containing 15 
per ct. by weight of stable manure and compare the results with 
those obtained with similar applications ‘to similar portions of 
soil having greater amounts of manure and to others having 
less. For the first crop, therefore, manure in combination with 
chemical fertilizers was used on different portions of soil at the 
rate of 5 per ct., 10 per ct., 15 per ct. and 20 per ct. by weight, 
and on still other portions without chemical fertilizers at the 
rate of 33 1-5 per ct. by bulk. In the last mentioned instance 
part of the soil was compacted very firmly and the rest left loose 
without being shaken or packed at all, the object being to note 
to what extent the growth might be influenced by the difference 
in mechanical condition of the same soil mixture which was 
thus produced. 

For comparison with these, other portions of soil were given 
similar applications of the chemical fertilizers only, while still 
others received nothing. To each portion except the last and 
those which received one-third manure by bulk, phosphoric acid 
and potash were added in liberal quantities. 

The applications, whether of manure or of chemical fertilizers, 
were repeated in each instance for each succeeding crop of let- 
tuce in the same amounts as at first except that after the first 
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crop the manure was applied at the rate of 5 per ct., 10 per ct., 
15 per ct. and 20 per ct. by bulk, instead of by weight. In 
order that the cumulative effects of the treatments might be 
seen the soil was in no case renewed from 1898 till 1901. 


PREPARATION OF SOIL. 


The clay loam was thoroughly mixed before being separated 
into the various portions to be used in the experiments. In this 
way its composition was rendered as uniform throughout as 
possible. The sandy loam was similarly treated. Whenever a 
portion of soil was to receive an application of manure this 
was made for the first crop before it was measured into the 
boxes, but for the following crops it was made to each box 
separately. Three boxes were filled from each portion except 
those portions which were mixed with one-third manure by bulk. 
From each of the latter four boxes were filled, the soil in two 
being packed firmly and in the other two left loose as already 
explained. Where commercial fertilizers were used they were 
applied to each box of soil separately as hereafter described. 


FERTILIZERS. 


The manure.—The manure was well rotted horse manure. For 
the first crop it was applied to different portions of soil at the 
rate of 5 per ct., 10 per ct., 15 per ct. and 20 per ct. by weight, 
and 334 per ct. by bulk, but for the succeeding crops it was 
used at the rate of 5 per ct., 10 per ct., 15 per ct., 20 per ct. 
and 334 per ct. by bulk, as has already been stated. This also 
appears in the table on p. 337, 

The average weight per cubic foot of clay loam when prepared 
for the first crop was about 68 pounds, and for the sandy loam 
about 70 pounds. The area of each box was 225 square inches; 
the contents of the part occupied by the soil was 1575 cubic 
inches. Irom these data the following table is derived. It 
shows for both the clay loam and the sandy loam, the different 
percentages of manure by weight with the corresponding per- 
centages by bulk, the rate per acre in cords and in tons, and the- 
depth to which the manure would cover the soil when spread 
evenly over the entire surface. 
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TABLE JI.—PROPORTIONS TO Sol, AND AMOUNTS RER ACRE OF MANURE 
USED. 


CROP Or 1898-99. 


Proportion Proportion Depth on 
Kind of soil. by weight. by bulk. Rate per acre. soil. 
Per ct. Per ct. Cords. Tons. Ins. 
BLA AGAIN fee eh cn cece asivolen'e 5 11% 22+ 43+ 0.7914 
10 224 44+ 86+ 1.58% 
15 34 67+ 129+ 2.38 
20 4514 89+ 172+ 3.17% 
14.7+ 3314 66+ 126+ 2.3314 
Petry MOT os ccc cee + 5.0 ° o 11.72+ B+ 44+ 0.82+ 
10 23 444 46+ 88+ 1.64+ 
15 35.16+ 96+ 133+ 2.46+ 
20 46.88+ 92+ 177+ 8.28+ 
14.2+ 383814 66+ 126+ 2.3314 


CROPS OF 1899-1900 anp 1900-1901. 


Proportion Depth on Amount per acre, 
Kind of soil by bulk. soil. 1899-1900, 1900-01. 
Per ct. Ins. Cords. Tons. Tons. 
Clay loam and sandy loam.. 5 700 9.90 16.8+ 17.58+ 
10 ar, 19.80- 33.64 35.17+ 
15 1.05 29.70 50.44 52.76+ 
20 1.40 39.60 67.2+ 70.35+ 


3314 2.3344 66.00 111.0+ 117.26+ 


Enough manure to supply all the demands of the different 
portions of soil was passed through a sieve of 1l-inch x 14-inch 
mesh, the rough parts were discarded, and it was all thoroughly 
mixed before any portion of the soil was manured. This was 
done to secure as uniform composition as possible. The re- 
quired portion of soil was then weighed out or measured by 
volume according to the requirements of each particular case, 
the manure was added and both were thoroughly mixed together 
before any commercial fertilizers were added. 

Application of commercial fertilizers.—The required amounts of 
the commercial fertilizers were weighed out for each box of soil. 
The exact amount of soil required for the box was spread upon 
a clean cement floor <A part of the commercial fertilizers were 
scattered upon it; the pile was then well mixed and more of the 
fertilizers added. This process was repeated till the applica- 
tion of the fertilizers was complete. After still further mixing, 
the soil was put into the box designed for it. 
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Excepting those which were left untreated for checks, the 
boxes were each given potash, phosphoric acid and nitrogen in 
the form of commercial fertilizers. The potash was always 
added in the form of the sulphate at the rate of 400 lbs. per acre; 
the phosphoric acid in the form of acid phosphate at the rate of 
600 Ibs. per acre; the nitrogen in dried blood and nitrate of soda 
either combined or separately, or in sulphate of ammonia. The 
different combinations of commercial fertilizers in which nitro- 
gen was applied are shown in the folowing statement: 


TABLE III.—CoOMBINATIONS OF COMMERCIAL FERTILIZERS IN WHICH NITRO- 
GEN WAS APPLIED, 


Amount per acre 




















“Sulphate mal ie Sulphate | 
of Acid Dried Nitrate of of 

Series. potash. phosphate blood. soda. ammonia. 
Lbs. Lbs. Lbs. Lbs. Lbs. 
DTCC. W100G <a iin os ke cohen oe AOD 600 1000 0 0 
Nitrate of sodayn.. . usd... 400 600 0 600 0 

Dried blood and nitrate of 

SOT o cavolehe Ate oiecAbee ae ie 400 600 850 100 0 
Sulphate of ammonia..... 400 600 0 0 480 


The actual potash thus applied was in each case 204+ lbs. 
per acre; of actual phosphoric acid 98+ lbs.; of nitrogen in the 
dried blood series 99+ lbs.; in the nitrate of soda series 91+ lbs.; 
in the dried blood and nitrate of soda series 99+ lbs. and in the 
sulphate of ammonia series 100+ lbs. It is clear that the supply 
of potash and phosphoric acid was in each case the same and 
of nitrogen approximately the same, being a little less in the 
nitrate of soda series than in the others. Any marked varia- 
tions in the results with the different series may therefore sig- 
nify a difference in the action of the nitrogenous fertilizers 
which are to be compared. 

Commercial fertilizers and stable manure combined or used sepa- 
rately—KEach series of the nitrogenous fertilizers mentioned 
above was used alone and also in combination with different 
amounts of stable manure, both on the clay loam and on the 
sandy loam. In some of the check boxes stable manure was 
also tried without any commercial fertilizers on sandy loam and 
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on clay loam at the rate of one-third of the bulk of the soil; 
and in others, as has already been stated, neither commercial 
fertilizers nor stable manure was used. All of this is shown 
in the following statement: 


TABLE LV.—SHOWING THE TREATMENTS OF THE VARIOUS PORTIONS OF SOIL. 


Soil treatment ) ‘ss 
number. Stable manure. Commercial fertilizers. Rate per acre for each crop. 








— fe 

















a aaa "4899-700 Ra _ 
1898’-98. and 1990— 
Propor- ’01. Pro- Acid Sulphate 
Clay Sandy tion by portion Sulphate phos- Dried Nitrate of 
loam. loam. weight. by bulk. of potash. phate. blood. of soda. ammonia. 
Perct. Perct. Lbs. Lbs. Lbs. Lbs. Lbs. 

z 19 0 0 400 600 1000 0 0 
2 20 0 0 400 600 0 600 0 
3 21 0 0 400 600 850 100 0 
4 22 0 0 400 600 0 0 480 
5 23 5 5 400 600 1000 0 0 
6 24 5 5 400 600 0 600 0 
i's 25 D 5 400 600 850 100 0 
8 26 10 10 400 600 1000 0 0 
9 27 10 10 400 600 0 600 0 
nt) 28 10 10 400 600 850 100 0 
11 29 10 10 400 600 0 0 480 
12 30 15 15 400 600 1000 0 0 
13 31 15 15 400 600 0 600 0 
14 32 15 15 400 600 850 100 0 
15 33 20 20 400 600 1000 0 0 
16 34 20 20 400 G00 0 600 0 
17 35 20 20 400 600 850 100 0 
18 36 20 20 400 600 0 0 480 
37 38 0 0 0 0 0 0 0 
41 39 be 3314 0 0 0 0 0 
42 40 * 3344 0 0 0 0 0 





*To the portions of soil which were numbered 39, 40, 41 and 42 the mannre was always applied 
at the rate of 334 per ct. by bulk. In 1898-99 this was equivalent to 14.7 per ct. by weight on the 
clay loam and 14.2 per ct. on the sandy loam. See Table II, 


SELECTING AND PLANTING THD SEED. 


The seed was selected and planted with the utmost care to 
secure plants as uniform as possible in natural vigor and habit 
of growth. To this end selection was also made of the little 
plants soon after the first leaves expanded. Four plants were 

22 


338 Report oF THE HorRTICULTURAL DEPARTMENT OF THR 


erown in each box, one near each corner. Holes for the seeds 
were made one-half inch deep by means of a marker designed for 
this express purpose. About a dozen large plump seeds were 
planted in each hole, and covered evenly with fine earth. After 
germination all but the most vigorous plants were discarded. 
By this method good plants were selected. These were not 
transplanted but grew where the seeds were planted, undis- 
turbed till they were harvested. Although transplanting is not 
necessarily injurious to lettuce nevertheless there is always a 
risk that some of the plants may not pass through the operation 
as successfully as others. Where the plants are under experi- 
ment, therefore, transplanting should be avoided; because it is 
liable to introduce disturbing factors. 

In case a plant under experiment was accidently injured or 
died prematurely its place was immediately filled with another 
plant of the same kind and age, grown for the purpose of meet- 
ing such an emergency, so that the number of plants in each 
box might be kept uniform during the entire period of growth 
and the portion of soil availavle to each plant under experiment 
might be kept as uniform as possible. 


WATERING. 


Hydrant water from the city supply was applied to the surface 
whenever the plants needed it. No attempt was made to meas- 
ure the quantity used. The small percentage of plant-food sup- 
plied in the water may be disregarded in such experiments as 
those under consideration. After the heads began to form, the 
water was applied around the plants and wetting the heads was. 
avoided as much as possible. Where water is applied to the 
heads the leaves are apt to hold more of it than readily evapo- 
rates and thus conditions favorable to the development of rot 
are obtained. 

Up to the time when the leaves covered the soil, cultivation 
followed watering as soon as the ground was fit. This kept 
down weeds and conserved soil moisture. | 
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The watering was usually done early enough in the day to 
have the atmosphere dry at night. On bright days the atmos- 
phere was made moist by wetting the walks and floors, and the 
plants were syringed lightly if they showed a tendency to wilt. 


VENTILATION AND TEMPERATURE, 


The ventilation was managed so as to avoid cold draughts 
and sudden changes in temperature. The greatest care was 
required to prevent tipburn after the plants began to head. On 
a bright day following a period of dull dark weather the temper- 
ature was constantly watched and especial care taken to hold 
it nearly as low as it had been on the dark days and at the 
same time the atmosphere was kept moist by following the 
method above described. 

The night temperature was kept between 45° and 55°; the 
day temperature from 60° to 65° in dull weather, but on sunny 
days it was allowed to run up to 70°. During the period of 
germination and also just before the plants matured ‘he temper- 
ature was kept somewhat lower than it was during the season of 
more active growth. 


HARVESTING THE CROP. 


The crop was not cut till the earliest-maturing heads had fully 
developed into prime marketable condition. Then the whole 
crop was cut. The loose lettuce and head lettuce were not cut 
at the same time, however, because the crops did not mature 
at the same time. In 1890-00 the head lettuce was cut about 
two weeks before it would have matured, as explained in the 
notes for that crop. 

Each head was weighed as soon as it was cut, before it had a 
chance to lose weight by evaporation. Full records were made 
of the character of the plant, including its weight. The limits 
of this report will not permit the publication of all these data, 
but so much of them is given as appears necessary to establish 
the facts brought out by the investigation. 
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NOTES ON CROPS. 
SEASON OF 1898-99, 


Rawson Hothouse, a variety of head lettuce, was used alone 
for the crop of 1898-99. The seed was sown Dec. 30, 1898. 
Germination began to show Jan. 6. The plants were thinned 
after the manner already described till but one was left in each 
place. Within a month after planting it was evident that on the 
check soils the lettuce was suffering from lack of food. The 
plants were stunted and the foliage bronzed. In the clay loam 
without manure the use of commercial fertilizers resulted in a 
somewhat better growth, but the plants were not always as good 
in color, nor were they in nearly so vigorous, growing condition 
as the plants on soils treated with manure. The differences 
between these plants and those on corresponding soils which 
received manure was very marked. On the latter soils the 
plants, although yet small, were healthy and growing rapidly. 
These differences became more pronounced as the plants 
developed. 

The entire crop was harvested Apr. 3. Each plant was cut 
at the surface of the ground and immediately weighed. The 
average weight per plant for each of the different treatments 
and the ratio of the yield to the yield on the corresponding 
- check soil are shown in the table on page 345. It was apparent 
that the use of the commercial fertilizers did not force the crop 
as rapidly to maturity as did the stable manure, although it 
resulted in a decided gain in yield as compared with the check 
soils. The addition of even the least amount of manure which 
was used, 5 per ct. by weight, showed a striking increase in 
the crop. Thus, while the 12 heads of lettuce from the soil 
which reccived dried blood but no manure averaged 0.75 oz. 
per head, the 12 heads on corresponding soil to which 5 per ct. 
of manure was added weighed, on the average, 4.13 ozs. per 
head. This increase is all the more significant, because the for- 
mer had received in commercial fertilizers far more plant food 
than a full crop contains. It indicates that the proper use of 
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stable manure gives distinct advantages for forcing crops aside 
from the available plant-food which is thereby added to the soil. 
In this crop the yield, as a rule, increased with each increase of 
manure, although not to a corresponding degree. With succeed- 
ing crops the yield, where the larger amounts of manure were 
used, oftentimes was less than that obtained with smaller 
amounts, as we shall see later. The soils which received manure 
only, at the rate of one-third their bulk, and which were packed 
firmly into the boxes, gave a better yield than any other por- 
tions; better even than those which received as much or more 
manure combined with commercial fertilizers. Less increase 
was seen with the corresponding loose soil, but even in this 
case the yield on the sandy loam exceeded that where more 
manure was used in combination with commercial fertilizers, 
and on the clay loam it exceeded that obtained with an approxi- 
mately equal amount of manure combined with the commercial 
fertilizers. 

The relative value of the different forms of the nitrogenous 
commercial fertilizers shown on the soils where no manure was 
used did not hold good when these fertilizers were combined 
with the stable manure. The addition of even 5 per ct. by weight 
(114 per ct. by bulk) of the manure obscured the individual action 
of the nitrogenous commercial fertilizers. Those who wish to 
follow the results in this line more fully are referred to the data 
set forth in Tables V to IX. 

Where manure was used the crop on the sandy loam was very 
much below that obtained with similar treatment on the clay 
loam. The soils which received no manure show an interesting 
exception to this with this crop but not with succeeding crops. 
See Tables V to IX. 

SEASON OF 1899-1900. 

The experiments in 1899-1900 were conducted on the same 
general plan as those of the preceding year. The few changes 
mentioned below were introduced. The same soil was used. It 
was prepared by dumping the box, adding to the soil the stable 
manure or commercial fertilizer, if any was required, and after 
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thoroughly mixing returning it to the same box. The quantities 
of manure were reduced from 5 per ct., 10 per ct., 15 per ct., or 
20 per ct. by weight, to 5 per ct., 10 per ct., 15 per ct., or 20 per 
ct. by bulk, respectively. See Table II. This made the actual 
amount considerably smaller than that given to the same box 
for the previous year. So far as influencing the experiment 
is concerned, it need only be said that the relative amounts 
added to the different series remain the same. Moreover, the 
composition of the manure varied in the different seasons. The 
total amount added to any particular box may be easily calcu- 
lated. In experiments of this kind the exact amount of plant- 
food available to each plant or set of plants cannot be accurately 
determined. AJl that is expected is to know the kind, relative 
amounts and composition of the plant-food which is added to the 
various portions of soil under experiment. 

A further change consisted in the use of a loose lettuce, the 
Grand Rapids, in addition to the Rawson Hothouse head lettuce, 
two plants of each variety being grown in each box. 

The seed was planted Oct. 7, in the same manner as before. 
Germination began to appear Oct. 18. The loose lettuce was all 
cut Jan. 15 and 16. The crop could not be held longer without 
having the most advanced plants begin to deteriorate. 

The head lettuce was harvested Jan. 30. It was not then 
mature; but for lack of strict attention to ventilation and water- 
ing during a period of sunshine following dull weather, tipburn 
had made its appearance. The crop was at once harvested for 
fear that rot might follow the tipburn and vitiate the results 
of the work. 

Some of the facts established both by observation of the grow- 
ing plants and by the weights of the different yields are given 
in the following statements: 

As to the effect of commercial fertilizers when used without 
manure, the nitrate of soda gave best results on the clay loam. 
Sulphate of ammonia gave much the best results with loose let- 
tuce on the sandy loam and was unsurpassed with the head 
lettuce. It should be noticed, however, that this was an excep- 
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tionally good record for the sulphate of ammonia when used 
without manure and it was not in accord with its record either 
with the preceding or the following crop except where it was 
used in combination with lime. 

Both kinds of lettuce did better on the clay loam than on the 
sandy loam. This is very noticeable with the check crops. The 
check crop on the clay loam exceeded that on the sandy loam in 
the ratio of 7 to 1. 

SPASON OF 1900-01. 

The experiments in 1900-01 followed the lines of the preceding 
year’s work except that one box of the three included in each 
soil treatment was given one ounce of air-slaked lime when the 
soil was mixed. Occasional tests of the soil made previously had 
failed to discover any acidity, but it was desirable to learn 
whether or not the repeated application of the commercial fer- 
tilizers had brought about unfavorable conditions which the lime 
would correct. The use of the lime was, almost without excep- 
tion, followed by more or less unfavorable results. In some 
cases the yield was but slightly decreased, in most cases it was 
noticeably decreased and in a few cases the yield was not even 
half that obtained on the unlimed soils. Where nitrate of soda 
was applied without manure to sandy loam and where sulphate 
of ammonia was used without manure on the clay loam, the 
limed soils gave somewhat better yields than those not limed. 

The seed was planted in the usual manner Sept. 28. The head 
lettuce came through all right but for some reason not under: 
stood the loose lettuce did not. It was replanted Oct. 9. This 
time it grew all right, but of course it remained more backward 
than the head lettuce. The head lettuce grew rapidly on the 
soils which received manure, being markedly superior from the 
start to that on the soils which were not manured. On the whole 
the highest yield of head lettuce came from the use of 10 per ct. 
manure, but that from 5 per ct. was nearly as large. With 334 
per ct. manure and no commercial fertilizers the yield in each 
case fell below the average of the boxes having 5 per ct. manure 
combined with commercial fertilizers, as also, usually, did the 
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yield from boxes having 20 per ct. manure combined with com- 
mercial fertilizers. These remarks hold good also for the loose 
lettuce though not in the same degree. The loose lettuce seemed 
to be less affected by the excessive use of manure and to the eye 
the entire crop appeared more uniform and less influenced by 
the differences in the treatment of the soil than did the head 
lettuce. The head lettuce was harvested Jan. 14, when the earli- 
est maturing heads were ready to be cut. The loose lettuce was 
cut Jan. 31. 


RBSULTS AS SHOWN BY THE WEIGHTS OF THE THREB LETTUCHD CROPS. 


The average weight per plant, both of the head lettuce and of 
the loose lettuce, is shown below for each crop and each separate 
treatment. The number of plants from which the average yield 
is deduced is stated and also the ratio of that average to the 
average of corresponding untreated, or check, plants, the latter 
being always considered as a unit. It should be remembered 
that the value of the unit or check for the clay loam differs from 
that of the sandy loam with each crop; it also differs on the same 
kind of loam with the different crops. ‘ 
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TABLE V.—RESULTS WITH Crop oF HEAD LETTUCE, 1898-99. 


Series. 


Dried blood 
Nitrate of soda... 
Nitrate of soda 

and dried blood. 
Sulphate ammonia 


ee eee 


Dried pieod ...... 
Nitrate of soda... 
Nitrate of soda 


and dried blood 


Dried blood 
Nitrate of soda... 


Nitrate of soda 
and dried blood. 
Sulphate ammonia 


Dried blood 
Nitrate of soda... 
Nitrate of soda 

and dried blood. 


Dried blood 
Nitrate of soda... 


ore ew 


Nitrate of soda 
and dried biood. 
Sulphate ammonia 


No commercial fer- 
tilizer 
No commercial fer- 
tilizer 


DE sacs avo! «, «8 





1 Per acre; with 400 ibs. sulphate of potash and 600 lbs. acid phosphate. 


in box. 3 Soil loose, 


Manure 


Ky 


By 
bulk. weight. 


Per ct. 


0 
0 


0 

0 
11% 
11% 
11% 


22%, 
22%, 


2275 
2274 
34 


34 


45Y, 
4514 


45%, 
4514 


Per ct 
0 


oo. So 


OU OVEN 


10 
10 
10 


15 
15 


15 


20 
20 


20 
20 


14.7 
14.7 
0 





Clay loam, A. Sandy loam, F. 
ae Aver- ” Aver- 
Nitrog- age age Check 
enous No. weight Check No. weight =l, 
com. of per = 1 Cf) per treated 
fert. plants. plant. treated. plants. plant. = 
Libs.4 Ozs. = Ozs. 
1000 12 .750 2.25 12 2.104 3.00 
600. 12)» .9881' 2.82. 12, 29313) 3.30 
‘aap 12 .771 2.31 12 1.729 2.47 
480 PDANL, 104281 8h Os in ONE daRI 
1000 11 4.186 12.44 12 2.792 3.99 
600 12° 4.488° 13.31. 11. 2:659. 3.79 
} 350 12 4-250 12.75 12 2.542 3.68 
1000 12 5.104 15.31 12 3.000 4.30 
600 12 4.488 13.31 11 3.205 4.57 
| 100 10 5.125 15.88 12 8.104 4.48 
480 12 4.396 13.19 12 2.792 3.99 
1000 12 5.229 15.69 12 2.979 4.26 
600 11 4.795 14.39 11 2.932 4.19 
oer 12 5.188 15.56 12 2.888 4.05 
850 
1000 12 5.646 16.94 12 2.708 3.87 
600 12 6.068 18.19 12 3.292 4.70 
$250 12 5.875 17.68 12 8.063 4.37 
480 12 5.988 17.81 12 3.354 4.79 
0 8 6.219 18.66 8 4.281 6.11 
0° 5.594 16.78 7 3.607 5.15 
Oei2. <3915- 1.004 12°) 1608 1.00 


3 Soil packed firmly 
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TABLE VI.—RESULTS WITH CROP OF HEAD LETTUCE, 1899-1900. 


Series. 


Dried Mloed. -7... 3% 
Nitrate of soda..... 
Nitrate of soda and, 

dried blood....... 
Sulphate ammonia.. 


Dried ‘blood. ....<¢.. 
Nitrate of soda..... 
Nitrate of soda and 

aried blood we. we 


Dried *plood..s... 2's 
Nitrate of soda..... 
Nitrate of soda and 

dried blood....... 
Sulphate ammonia.. 


Dried Diood s2). se o. 
Nitrate of soda..... 
Nitrate of soda and 

OTied D1G0d so. « wae 


Dried 1. DIOGO. s5 sisi 
Nitrate of soda..... 
Nitrate of soda and 

dried blood ...... 
Sulphate ammonia.. 


No commercial fer- 
Mliger? 3c tees, 
No commercial fer- 
TRL ER A=) ote eee Ape 5 


Nothing eeeeoeooeoeeoee@ 





Mannv’e 
by 
bulk, 
Per ct. 
0 


0 
0 
0 


OU ON 


i) | 


20 
20 


20 
20 


3314 
33144 
0 


Nitrog- 


enous 
com. 
fert. 


Lbs. 


1000 
600 
100 

2 850 
480 


1000 
600 
100 

; 850 


1000 
600 
100 

} 850 
480 


1000 
600 
100 

2 850 


1000 
600 
100 
850 
480 
(0? 
08 
0 


ti ae 
Aver- 

age 
No. weight 

of per 
plants. plant. 

Ozs. 

Gr" 1.5838 
gOr ar 2 208 
G6 1.667 
GAP 1.677 
6 5.000 
6 4.708 
6 5.042 
Gr 125 
6 4.750 
6 5.042 
6 4.708 
6 5.250 
6 5.208 
6. 4.917 
6 4.3875 
GOH ote 
G6 4.792 
6 4.917 
4 5.063 
4 3.500 
6 . 783 


Clay loam, B. 








— 


Check 


Sl; 
treated 


02 
§2 
13 
13 


mw Nw 


6.38 
6.01 


6.44 


54: 
06 


44 
.O1 
65 
28 


PAR SASS 


.59 
.59 


6.12 
6.28 


bo | 


Sandy loam, G. 
——————— A 


oS 


Aver- 
age 


No. weight 
of per 
plants. plant. 


DAD BD OD Od 


AAD DBA AD 


Co Go GO 


bo 


6 


1Per acre; with 400 lbs. sulphate of potash and 600 lbs. acid phosphate. 


in box. Soil loose. 


Ozs. 
175 
150 


-033 

2175 
2.000 
1.958 
1.417 
.875 
542 
.917 
292 
. 150 
850 
150 


WnNrmy NN NW 


100 
167 
.625 


.T92 


Dm Ww Gow 


2.875 
1.875 
075 





_ 


Check 
ie 
treated 


2.3 
2.0 


45 
2.33 


© vo 


26.67 
26.11 


18.89 
38.383 
33.89 
38.89 
30.56 
36.67 
38.00 
42.00 


41.33 
42.22 


39.00 
37.22 
38.33 
25.00 

1.00 


2 Soil packed firmly 
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TABLE VII.—RESULTS WITH Crop oF LoOsE LETTUCE, 1899-1900. 


Clay loam, C. Sandy loam, H. 
Sere en ( 
Aver- Aver- 
Nitrog- age Check age Check 
Manu’e enous weight =1, weight =I; 
by com. No.of per treated No.of per treated 
Series. bulk.  fert. plants. plant. = plants. plant. a 
Per ct. Lbs. Ozs. O28. 
Dried UL DIOGd Fi: os kiee « 0 1000 Ge ee.” 18507 4,6 doo J2194 
Nitrate of soda..... 0 600 GO JINSto /) 248%, 2.6 W250 12121 
Nitrate of soda and 100 
Peas oo” 0 ey Ou LcismeaOeer G* 1 iaaee 1.08 
Sulphate ammonia... 0 480 GO GOO 1 2022 16 492 4.34 
Dried, Dloed. .. «<6. 5 1000 5 3.750 4.74 6 1.458 12.87 
Nitrate of soda..... 5 600 G 32042 4.47... 5 ©11255@ 618168 
Nitrate of soda and - 100 wiih 
petite. es. 5 } 850 6 8.708 4.68 6 1.875 12.18 
DEIeR DIOOD i. oa os 10 1000 6 &.792 4:79 .6.. 1.8336 16:18 
Nitrate of soda..... 10 600 6 38:792 4:79. 6 . 13667 914:71 
Nitrate of soda and 100 : a 
Meats, 0. * 10 } 850 6 4.000 5.05 6 1.708 15.07 
Sulphate ammonia.. 10 480 G@ 45208 S181. ,;Gijonted8s3Hse07 
ivpicd- Dood i. «i. <. 615 1000 G. 8958. S100. ..6, ..12708c 15:07 
Nitrate of soda..... 15 600 6 3.588 4.53 6 1.625 14.34 
Nitrate of soda and 100 S¥GnS i 
eae ae: $50 6 8.883 4.84 6 2.125 18.75 
Dried blood........ 20 1000 Bb 3.2000. 498. 6.127505 Livd4 
Nitrate of soda..... 20 600 my 87800 42238, 6. <*h.583 01897 
Nitrate of soda and § 100 5 43 
Aa inode... 20 2 850 ae ee eee te Oe Poa LEarG 
Sulphate ammonia.. 20 480 G6 S458 42:87. @) 9455830713597 
No commercial fer- 
SULUZOT Ete. es heals 3314 O 4 267818 4282.4. . :2:063 9918320 
No commercial fer- 
MRLIMeT TE) oh ve atees - 88% G4 22318 3542292:, 42... 1.06858 9438 
PLN OWNER faced aes 0 0 6 .792 1.00 6 113 1.00 


———— 


1Per acre; with 400 lbs. sulphate of potash and 600 lbs. acid phosphate. ? Soil packed firmly 
in box. 3Soil loose. 
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TABLE VIII.—ReEsvuLts wit Crop or Heap Lerruce, 1900-1901, 


Series. 


Dried bls6o0..... 3%... 
Nitrate of soda..... 
Nitrate of soda and 

dried blood....... 


Nitrate of soda and 
QITETILDIOOG ss See 


Dried blood........ 
Nitrate of soda..... 
Nitrate of soda and 

dried blood...... 3 
Sulphate ammonia.. 


TITICUE DIGS. fo.96 bis v0 
Nitrate of soda..... 
Nitrate of soda and 

dried blood....... 


Dried bieod. £3 40... 
Nitrate of soda..... 
Nitrate of soda and 

QMeasDlGOtlse ae ate 
Sulphate ammonia.. 


No commercial fer- 
filter fet". oS. x 
No commercial fer- 
RUZOT tates hse Ba es 


WOLHINE SEF. ss 6s eee 





Nitrog- 
Manu’e enous 

by culm, 

bulk. fert. 
Perict. Lbs.+ 
0) 1000 
O GOO 
SOO 

‘ } 100 
0 480 
5 1000 
5 600 
100 

5 800 
10 1000 
10 600 
100 

10 } ae 
10 480 
15 1000 
15 600 
100 

15 + 800 
20 1000 
20 600 
: 100 
9 1 800 
20 480 
3314 0? 
33% 0° 
0 0 


ee 


No. of 
plants. 


So ONFD DD AD 


So Co Ooch 


oO & SS 


S Oe 


6 





Clay loam, D. 


Sandy loam, I. 


Se aN | a ee 

Aver- Aver- 

age Check age Check 
weight ih weight = 
per treated No.of per treated 
plant. = plants. plant. = 

Ozs. Ozs. 
1.583. 1.65°° 6+: d206 rae 
1.625 1.69 6 AY be! 74 1.00 
1750 1582 6 1,200 telgee 
Lat. <146 +96 O42 ie 
4°4%7 4.60: °5 > O2 400 "Ser0. 
3.875 4.04:-°6-"IlGa8 "eas 
4.875 5.08 5 2.800 +8756 
4.792 8.00. 6 3.708" 4760 
4.042 4:21 °6 %2.908 “Oris 
4.588 4.78 5 2.750 3.48 
4°875 =. 508 - "@ *  270T TF eae 
4.708 4.91 4. 2/120 26a 
4.250 4.43 5 38.050 3.85 
3.625 3/78 6. 1:625 sees 
4.000 4.16 5 2.250°° 2785 
aoto0) 06=—- 891. | S LOO Sere 
3.900 O-47 4 . L Sia gage 
4.250 4.43 5 2.750 38.48 
4.688 4.89 1.813" 2.29 
4,062 «4.24... 3- 1.667 2H 

858  JEP00- <6 «1924 17300 


+ Per acre; with 40) lbs, sulphate of potash and 600 lbs. acid phosphate, 


in box. 3Soil ivose. 


2Soil packed firmly 
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TABLE IX.—RESULTS WITH CROP OF LOOSE LETTUCE, 1900-1901. 


Series. 


eee ee eee 


Nitrate of soda and 
fied pio0d....:.. 
Sulphate ammonia... 


Dried blood........ 
Nitrate of soda..... 
Nitrate of soda and 

dried blood. .. ....). 


Dried blood........ 
Nitrate of soda..... 
Nitrate of soda and 

gried blood: .. 5... 
Sulphate ammonia.. 


Dried blood 
Nitrate of soda..... 
Nitrate of soda and 

ried, WlO0d . s.. . %. 


Dried blood 
Witrate of soda... .. 
Nitrate of soda and 

dried blood....... 
Sulphate ammonia.. 


No commercial fer- 
tilizer 
No commercial fer- 
tilizer 


ore ee ee ee ee 
oer erer eevee ee 


Nothing 


ceoeeeevee sen es 





1 Per acre; with 4°0 lbs. sulphate of potash and 600 lbs. acid phosphate. 
3 Soil loose. 


firmly in box. 


Manu’e 
by 
bulk. 

Per ct. 


CU. ee Om 


On 


10 
10 


10 
10 


Clay loam, EK. 
Serine Aver fe a as 

Nitrog- age Check 
enous weight =I, 
com. No. of per treated 
fert. plants. plant. = 

Lbs.4 Ozs. 

1000 6 SST ee 11D 
600 6 aun io 
100 

; Soot Gohl eS 
480 6 .803. 1.66 

1000 GP va). 792)) + 7:58 
600 Gg 3.000; 6.00 
100 

; pening: 9.108 1 7.42 

1000 6 38.883 .7.66 
GOO 6 3.166 6.33 
100 ae ea F 

Aen 6 3.750 7.50 
480 6 4.083 8.16 

1000 5 3.650 Law 
600 6 S41 > 628s 
100 

} 959 6 8.208 6.42 

1000 6 3.250 6.50 

600 G6 27958 > 5.92 

} Beg) 2 6b Siba2 O17: 08 
480 625).2. 792 5:58 
{Fise Aa et day, he to 

Ot 450 2. 938% 5.88 

0 6 500 1.00 


No. of 
plants. 


Ol & oO CO SO GOH 


CO D> Dc for) 


_ 


6 


Sandy loam, J. 
nr CC OS 


Aver- 
age 
weight 
per 
plant. 


Ozs. 


1.150 
917 


1.458 
1.000 
2.542 
2.042 
2.100 


.050 
625 
.583 
.625 
.208 
. 202 
.583 


ce Do Nw Www 


a ) 


. 500) 
.583 


917 
917 


bo F bb 


a 


875 
1.500 
.833 





3A9 


— 


Check 


eal § 


treated 


.38 
mee 


75 
-20 
.05 
45 
.52 


ND nNwO Bp He ee 


oo 09 CED 
= et ¢ 
on x 


a De 
ol 


.06 
10 


.30 
00 


wn we 


i) 


se) 
1.801 
1.00 


2 Soil packed 
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GENERAL DISCUSSION OF THE RESULTS. 


What is the testimony of these experiments on the question 
as to whether nitrogenous commercial fertilizers may be used 
with profit in forcing lettuce either with or without stable 
manure? The data which have already been presented will now 
be considered with reference to their bearing upon this question. 


RHSULTS FROM USING THE COMMERCIAL FERTILIZERS WITHOUT 
MANURE. 


Both on the sandy loam and on the clay loam, where no manure 
was used the addition of the commercial fertilizers resulted in 
a decided increase in yield over the untreated soil. On the clay 
Joam the nitrate of soda generally appeared to be more beneficial 
than either the dried blood or the dried blood combined with the 
nitrate of soda, and with one exception did equally as well or 
better than sulphate of ammonia. On the sandy loam it was 
not so beneficial as dried blood except with the first crop, when 
it proved somewhat better; but it proved superior to sulphate of 
ammonia except with the second crop. The use of lime with the 
nitrate of soda gave an improved crop on the sandy loam but 
decreased the crop on the clay loam. 

The results with sulphate of ammonia without manure were 
very variable with the different crops. On clay loam it was 
superior to both nitrate of soda and dried blood in the first crop 
and inferior to both in the last. On the sandy soil the results 
were also variable; in one instance it gave the highest yield with 
the crop of loose lettuce, and it was generally more or less 
superior to the nitrate of soda but inferior to dried blood. 

The dried blood when used without manure generally gave 
better results on the sandy soil but not so good results on the 
clay soil as the commercial fertilizers did with which it was 
compared. 


RESULTS FROM COMBINING THE COMMERCIAL FERTILIZERS WITH 
MANURE. 
When manure was applied in addition to the commercial fer- 


tilizers very much better crops were obtained than when the 
latter only were used. This is clearly shown in the following 
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table where the yield when commercial fertilizers only were 
applied is compared with the yield on similar portions of soil to 
which stable manure was added at the lowest rate tested in this 
work, 5 per ct. 


TABLE X.—SUMMARY OF RESULTS WITH COMMERCIAL FERTILIZERS WITH- 
OUT MANURE AND WITH FIVE PER CT. OF MANURE. 


Check+=1, treated plants= 


es 

















On clay loam. On aandy !oam. 
SS ate = SSE ee , a re ar =. be arene “enon Y 
With head With loose With head With loose 
Treatment. lettuce. lettuce. lettuce. lettuce. 


Crop oF 1898-1899: From To From To From To From To 
Commercial fertiliz- 
ers without ma- 
NANG Sevilla ae Og 2.25-3.31 1.31-3.30 
Commercial fertiliz- 
ers with 5 per ect. 
Dianure? .....2.... 12.44—-138.31 3.63-3.99 
Crop or 1899-1900: 
Commercial fertiliz- 
ers without ma- 
PNUTVEOMS hss SAE coe we 2.02-2.82 1.50-2.37 0.45-2.33 1.084. 34 
Commercial fertiliz- 
ers with 5 per et. 
PC a es oid v nls 6.01-6.44 4.47-4.74 18.89-26.67 12.45-13.27 
Crop or 1900-1901: 
Commercial fertiliz- 
ers without ma- 
PIT ee One o2c8 ote 2 1.46-1.82 1.66-1.83 1.00-1.58 1.10-1.75 
Commercial fertiliz- 
ers with 5 per ct. 
RAPPER T Ge ons dts. «0 4.04-5.08 6.00-7.58 2.48-3 .55 2.45-2.52 





1 The value of the check varies with the different crops and with the different soils. See 
Tables V to [X. 

2'‘~he manure was added to these portions of soil at the rate of 5 per ct. by weight for the 
first crop and 5 per ct. by bulk for succeeding crops. See Table II. 


In every trial of these commercial fertilizers alone they proved 
entirely madequate for bringing a crop to maturity in sufficiently 
short time to be profitable. This held true not only for the earlier 
crops but also for the last crop where the cumulative effect of 
the applications for the two previous years had the best chance 
to appear. Had the tests been made with garden loam enriched 
in previous years by liberal applications of manure or with sod 
and manure compost such as gardeners usually prepare for fore- 
ing lettuce, perhaps the results would have been much more — 
favorable to commercial fertilizers alone, but for the kind of 
soils which were used in these experiments the evidence is con- 
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clusive that lettuce can be forced much more successfully by 
using manure than by using commercial fertilizers alone. 

With the higher percentages of manure the influence of the 
nitrogenous commercial fertilizers is much obscured as the vari- 
able results with the 15 per ct. and 20 per ct. applications show, 
but with the 5 per ct. and 10 per ct. applications results were 
obtained which may give some indication of the comparative 
value of these fertilizers when combined with the smaller per- 
centages of manure. An examination of Tables V to IX with 
reference to the variation in yield which followed the use of the 
various nitrogenous commercial fertilizers in combination with 
5 per ct. and 10 per ct. of manure shows that a better crop was 
obtained with dried blood than with nitrate of soda in 16 tests, 
while the reverse was found in but 3 tests, and in one test there 
was no difference in yield. The yield with dried blood was better 
than that with sulphate of ammonia in 7 tests while the reverse 
was found in but three tests. The yield with dried blood was 
better than with dried blood combined with nitrate of soda in 
11 tests while the reverse was true in 9 cases. In many in- 
stances the differences in yield are too slight to be of themselves 
significant but taken in the aggregate they do seem to indicate 
that the dried blood combined with moderate quantities of 
stable manure is more effective in stimulating the growth of 
lettuce than either nitrate of soda or sulphate of ammonia 
similarly combined. Also they indicate that the dried blood 
does as well for this purpose when combined with manure as 
does the combination of nitrate of soda, dried blood and manure. 


HOW MUCH MANURE SHOULD BE USED? 


The question then arises: How much manure may be used 
with profit in forcing lettuce? According to our experience and 
observation gardeners ordinarily use from 5 per ct. to 20 per ct. 
by bulk and more often approach the 20 per ct. than the 5 per ct. 
rate. The results where manure was used in combination with 
dried blood will first be examined. They are arranged in the 
following table such a way that the yield under each treatment 
may be compared with the yield of the corresponding check. 
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TABLE XI.—COMPARATIVE YIELDS IN DRIED BLOOD SERIES WITHOUT 
MANURE AND WITH DIFFERENT PROPORTIONS OF MANURE. 


CLAY LOAM, 
Comparative yields with— 


a 




















a 
No ma- 
nure or 2 Manure, by weight. 
com. — ee ee 
Crop. fert. None. 5p. ct.2 10 p. ct.+ 15 p. ct.4 20 p. et.4 


Head lettuce, 
1898-1899... 12 2.25 12.44 15.31 15.69 16.94 


2 Manure, by bulk. 
AS 





re 


None. 5p.ct. 10p.ct. 15 p.ct. 20p. ct. Packed. Loose. 
Head lettuce, 


1898-1899. . 1 18.66 16.78 

1899-1900. . Tas. 021 Ooo em OLue 26st moor O tb oo! 4247 

1900-1901. . 1 1.65 4.60 5.00 4.91 4.16 4.89 4.24 
Loose lettuce, 

1899-1900. . Tee Olin a eet ee le Oe Ge OR. 4.52.9 2.92 

1900—1901.. Lite (sil .0od irs Oo ee t.ouei- 26,00; 7 Ft 1G. 88 


SANDY LOAM. 
2 Manure, by weiht. 


——————— Se 


None. 5p. ct.+ 10 p. ct.2 15 p. ct. 20 p. ct. 


Head lettuce, 
1898-1899... 1 8.00 3.99 4.30 4.26 3.87 


2 Manure, by bulk. 


— ——_— "ee —aw 
pa er ec —— —_—. =~ 


334 p. ct.8 


6 ae ee 
None. 5p.ct. 10p.ct. 15. p. ct. 20 p.ct. Packed. Loose. 
Head lettuce, 


1898-1899. . 1 SS BS Os: 

1899-1900. . La apo o.0l) oGeoo oO.6¢ 41,338" 88.388 ~ 25.00 

1900-1901. . Dy eb oe 3303 44. 695 © 42.68)- 28h Be 20 4 2 Fk 
Loose lettuce, 

1899-1900. . 2.94 213.27 006: 63) 715.547 15-590) 218.78 *© 9.64 

1900-1901. . eens: Oia oO tt SO” Lo Gm iat hee Dy S80 


1 With the manure used, 5, 10, 15 and 20 per ct, by weight are equivalent to 11}, 22%, 34 and 
454 per ct., respectively, by bulk. 
2 All plants under these headiugs received 600 pounds acid phosphate per acre, 400 pounds sul- 
phate of potash and 1,000 pounds dried blood, except where 334 per ct. of manure was used. 
3 This is equivalent to 14 2 per ct. by weight for first crop on the clay loam and 14.7 per ct. 
for the first crop on sandy loam. No commercial fertilizers were used on these boxes. 
Leaving out of consideration for the present those portions 
of soil which received 33 1-3 per ct. of manure without any com- 
mercial fertilizers, let us compare the rate of increase of the 
yield where none but commercial fertilizers were used with the 
rate where these were combined with manure. 
From the table just given it appears that on the clay loam the 
use of 5 per ct. for the first crop gave an increase of 10.19 points 
over the yield with no manure; doubling the manure gave a 


23 
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further increase of but 2.87 points; the 15 per ct. application 
gave an increase of but 0.388 point over the 10 per et. and the 
20 per ct. gave an increase of but 1.25 points over the 15 per ct. 
application. 

In the next crop from the same soil the 5 per ct. application 
was followed by a very large increase in yield over that where 
commercial fertilizers were used alone; the 10 per ct. and 15 per 
ct. applications showed but little increase over the 5 per ct., 
while with the 20 per ct. application the yield actually dropped 
below that obtained with the 5 per ct. 

In the following season the 5 per ct. application again showed 
a very large increase in yield over that where commercial ferti- 
lizers alone were used; the 10 per ct. application resulted in but 
slightly greater yield than that secured with the 5 per ct. appli- 
cation, the 15 per ct. showed a falling off in yield while with 20 
per ct. it dropped still lower, being even less than the yield with 
the 5 per ct. application. 

Similar cumulative effects of repeated applications of manure 
also appeared when loose lettuce was grown on the clay loam. 
Where the higher percentages of manure were used the later 
crops of lettuce showed an actual loss in yield. 

On sandy loam the first crop of head lettuce showed an in- 
creased yield from the 5 per ct. and 10 per ct. applications of 
manure but higher percentages of manure showed a falling off 
in yield. With the next crop of lettuce the use of the higher 
percentages of manure was followed by successive increases in 
yield except that the yield with the 15 per ct. fell below that 
with the 10 per ct. application but the following season the 
highest yield was reached with the 10 per ct. application and the 
yields with the higher percentages of manure dropped below 
that of the 5 per ct. application. Results similar in kind if not 
in degree were obtained with the loose lettuce on sandy loam. 

The data secured by the series of tests with nitrate of soda, 
sulphate of ammonia and the combination of dried blood and 
nitrate of soda confirm the testimony of the dried blood series 
on this point. They support the general conclusions that with 
soils similar to those used in these investigations: 
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1. Very much better crops of lettuce may be forced by using 
stable manure for enriching the soil than by using only commer- 
cial fertilizers of the kinds tested. 

2. When the soil is used for the first time for forcing a crop 
of lettuce, an abundance of manure may be used with good re- 
sults but where the use of manure is continued with the same 
soil year after year the optimum amount may be expected to 
decline towards the 5 per ct. rate. It is evident that the amount 
which it is economical to use varies with the character of the 
soil and of the manure and also with the relation of the prices 
for a fancy product to those paid for ordinary lettuce. For 
these reasons no definite recommendations can be made as to 
the amount of manure which it is profitable to use in forcing 
lettuce. 

3. In forcing lettuce it is not good economy to make repeated 
applications of manure in excessive quantities to the same soil. 
Not only is manure thus wasted but the yield may be actually 
decreased. 


WHY DO THE SMALLER AMOUNTS OF MANURE GIVE RESULTS BETTER 
THAN THOSE OBTAINED WHERE THE MANURE IS APPLIED IN 
EXCESSIVE QUANTITIES? 


With the smaller amounts of manure applied to soils which 
had received an abundance of nitrogen, phosphoric acid and 
potash in commercial fertilizers the yield was much greater than 
it was on similarly treated soils without any manure, but where 
the manure was used in excessive quantities the yield, as has 
been shown above, dropped below that obtained with less 
manure. Why is this so? What factors of fertility does the 
manure introduce into the soil aside from the plant-food which 
it contains? The data bearing upon this question which have 
been obtained in carrying out the experiments under discussion 
have not all been presented in this account of the work. Other 
experiments which may throw light on this subject are now in 
progress. The discussion of this question will therefore be de- 
ferred till further data have been secured. 


GINSENG CULTURE.* 


N. O. BOOTH. 


During the last few years we have received so many inquiries in regard 
to ginseng, its culture, its sale, and the prospects of its becoming a staple 
crop, that we issue this circular letter. We have not grown ginseng at 
this station and the information which is contained in this letter is gleaned 
from the various sources mentioned below. 

The demand for ginseng comes from China, where it has been used for 
ages as a medicinal root. That it has some medicinal value is recognized 
by those who have investigated its properties, but it is nowhere a recog- 
nized remedy except in China. There it is a standard cure for all ills and 
equally efficacious as a preventive. The form of the root affects its value 
according to the Chinese; those roots resembling the human body being 
the most valuable. These facts are chiefiy of importance as indicating 
the probable long continued demand for ginseng. Ancient customs and 
prejudices die out slowly even in this country, and China is not noted for 
sudden changes of thought or manner of living. Ginseng was first ex- 
ported from America in the early part of the 18th century. In a few 
years the trade had grown to considerable proportions, when the ex- 
porters in this country ruined it by sending immature and imperfectly 
cured roots. For some years almost none was exported, and then the 
trade was gradually taken up again. Wild ginseng is becoming scarcer 
in the United States year by year; the amount exported is becoming less 
and the price higher. This is partially due to the fact that “Sang” 
hunters usually gather the root in summer before the plant has matured 
its seed, partially to the clearing out of the forests and pasturing of a 
large portion of that remaining. Virginia, West Virginia and Ontario, 
Canada, have passed laws to prevent the gathering of the roots out of 
season. The root itself is in better condition if gathered in the fall and 
does not shrink so much in drying. 

Ginseng queries by prospective growers are along four lines: ist. Is 
ginseng growing profitable? 2d. If profitable, where can I get seed and 
plants? 38d. How shall I raise and prepare the roots for market? 4th. 
Where can I sell them? 

Ist. As to the profits of ginseng growing, it is difficult to say how profit- 
able the industry will eventually be to those who grow the roots for export 
alone. So far almost all growers have made the most of their money 
Selling plants and seeds to others who wish to start plantations. Ginseng 
growing is something that requires little land but considerable work, and 
this work must be very carefully done. The work is light and might be 
done by women or children, 
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2d. As te source of plant and seed supply, these can usually be secured 
cheaper from local growers or “Sang” hunters than from houses which 
make a business of handling the plants. If there be none of these 
“Sang” hunters in your locality it is usually best to write to all of the 
firms you know of for prices, for the price sometimes varies materially. 
Below are the names and addresses of some well-known growers: Geo. 
Stanton, Chinese Ginseng Farm, Summit Station, N. Y.; M. G. Harrison, 
Redford, Mo.; Harlan P. Kelsey, Tremont Building, Boston, Mass.; A. E. 
Leavitt, Houston, Mo.; Emanuel Lewis, Hemlock, Wis.; H. S. Seymour, 
Richland Center, Wis.; W. G. Palmer, Boydtown, Wis.; J. W. Sears, 
Sumerset, Ky.; American Ginseng Gardens, Rose Hill, N. Y.; G. F. Millard, 
Houston, Mo.; W. A. Bates, Cuba, N. Y. Seed costs at present from one 
to five dollars an ounce and plants from four to twenty dollars a hundred, 
but as indicated above both may frequently be secured much cheaper from 
local gatherers. If so secured, care must be taken that the roots be fresh 
from the ground and that the seeds be not thoroughly dried out as they 
will seldom grow in that condition. 

3d. As to methods of culture, ete., Ginseng will not grow exposed to 
the direct rays of the sun. It grows naturally in deep woods and usually 
on north and east slopes. Consequently in cultivating ginseng either a 
spot which is naturally shaded must be chosen, or artificial shade given. 
Lath screens with a one-half inch space between laths are usually used 
for this purpose. They may be placed low and be removed for purposes 
of weeding, etc., or they may be fastened on posts six feet or more above 
the ground, so that a man can work under them. The latter method 
usually gives the best satisfaction. Ginseng likes a deep rich soil which 
does not dry out too readily. Clay loam with plenty of leaf mold or 
manure worked in will do very well. If small roots be planted they will 
give quicker results than seeds, but are somewhat more expensive. Irom 
the seed it takes from six to eight years to produce marketable roots. The 
grounds should be divided into beds not wider than four feet and as long 
as may be desired, with a narrow walk in between. Since all cultivation 
of ginseng is by hand beds wider than this are difficult of access. Roots 
should be planted from three to six inches apart each way, according to 
size. Seeds will not grow until eighteen months after ripening. During 
this period they may either be planted or mixed with moderately moist 
leaf mold and loam, and stored where they will not dry out, as once thor- 
oughly dry the seed will not germinate. Seed may be sown in either 
spring or fall in rows three inches apart and one inch apart in the row 
and one-half inch deep. After the bed is planted it should be covered with 
litter or leaf mold about one inch deep to prevent drying out. This should 
be covered with light brush if there is danger of its blowing off. Weeds 
must be pulled out or rather cut off as they appear and the mulch renewed 
each fall when the tops die down. Great care must be taken not to loosen 
the plants in pulling weeds as this is usually fatal. Chickens must not be 
allowed access to the beds. One of the great drawbacks to ginseng grow- 
ing is the danger of having the roots stolen. It is possible in a single night 
to lose the product of several years’ work. On this account it is usually 
best to make the beds close to the house or some other point where they 
can be constantly watched. When the roots are large enough to dig they 
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should be dug in the fall, the smaller roots (less than two ounces) being 
replanted to increase in size. Great care must be taken in digging not to 
break the roots, for whole roots command a higher price than broken ones. 
As fast as they are dug shake off all loose earth and place the roots at 
once in water so that the earth remaining may not dry on them, Wash 
with a stiff brush or broom and plenty of water. For drying, Kains 
recommends a home-made drying oven made in the following manner: 
“Get a box large enough to cover the kitchen stove and deep enough to 
hold six or seven sliding shelves. Remove the bottom entirely. Make a 
hole in the top; take off one side and make a hinged door to fit in its place; 
make a number of shelves with bottoms of wire netting of about one- 
fourth inch mesh. In filling the shelves for the first time put the larger 
roots on the top shelves and the smaller upon the bottom ones, the lowest 
of which should be at least six inches above the top of the stove. Put 
the box upon the stove, but raised about half an inch above it, so as to 
prevent its bottom edges from becomjng scorched and to insure a current 
of air through the shelves of roots. A few stout nails left projecting will 
accomplish this end.” Use with a slow fire. ‘“‘ The roots upon the lowest 
shelf will ordinarily dry first. Take them out, fill the shelf with fresh 
roots and put in the dryer at the top after moving all the other trays down 
one notch toward the bottom.” Rub off all the small fibrous roots when 
dried sufliciently to be brittle and return the large roots to dryer. These 
trimmings are frequently sold to local drug stores for people who chew 
ginseng. ‘‘ When the roots have become dry as a bone and are perfectly 
cool, put them in paper sacks or clean boxes to await shipment.” 

4th. Sale of the roots: In some parts of the State there are buyers 
already on the ground, but generally it is necessary to ship to some whole- 
sale house. Write to Wm. Wisenhauer & Co., 378-880 West Broadway, 
New York; Samuel Wells & Co., Cincinnati, Ohio; Felt Butler Co., 83 
Spring street, New York. Ginseng now brings from $2.50 to $6 or $7 a 
pound, depending on the quality. The price is rising each year. 

Considerable literature has been published from time to time on the 
subject of ginseng. Besides the prospectuses of those selling the plants, 
at least two books and three bulletins have been published. These are as 
follows: ‘‘ Ginseng,” by Maurice G. Kains, Orange Judd & Co., publishers. 
A book on ginseng, title unknown, by M. G. Harrison, Redford, Mo. The 
Pennsylvania State Department of Agriculture has issued a bulletin (No. 
27) on this subject. The United States Department of Agriculture has 
published a, bulletin on “American Ginseng.” (Botanical division No. 16.) 
The Ixentucky Experiment Station of Lexington, Ky., has issued a bul- 
letin (78) “ Ginseng, Its Nature and Culture.” The cheapest and perhaps 
the best way to obtain information on this subject is from those who 
have experimented in growing it, if there be any in your locality. Most 
of the parties who sell roots and seeds issue printed directions which are 
included with sales. 
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INSPECTION OF FEEDING STUFFS.* 


W. H. JORDAN AND C. G. JENTER, 


SUMMARY. 


The report given herewith of the inspection of feeding stuffs 
comprises the following: } 

(1) List of brands licensed in the State of New York for the 
year 1901. 

(2) Analyses of samples collected late in 1900. 

(3) Analyses of samples collected in 1901. 

(4) Comments on the facts shown by the inspection. 

(5) Suggestions to dealers. 

(6) Suggestions to purchasers. 


FEEDING STUFFS LICENSED IN 1901. 


Ninety-two manufacturers have complied with the law by 
registering the guaranteed composition of 126 brands of feeding 
stuffs and paying the required license fees therefor. 

The brands named in the following list are those which it has 
been legal to sell in New York during 1901. Doubtless these 
cover a very large proportion of the by-product feeding stuffs 
consumed in New York. 





*A reprint of Bulletin No. 198. 
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The above list of brands may be classified as follows: 


BTSISCCCL INCA Loc oe c ss eccelalea 0.0 5 nrthon eee ss Mar eial Partha te Sard ere at 4 brands. 
Linseed meal ‘ 
Gluten meal ys 
SRT LOAM tr UAE PSS.) wns inch ida wo Miaiate HAG ale love we PONE Oe ant 
Germ oil meal or cake 
Malt sprouts 
PS PAIS MON og airy clea ols yw sie aos? Th 6 ohe Goss s Shears kas aes 
Distillery wastes 
PeOOMIP MNES Me Pee et 5 od ns saree CONG oe ed oe etdecee 
Hominy feed or chops 
NMeavana pone 16eeds (poultry Mostly eee i eres eee ee ee awww. 
Feeds mostly compounded from several manufacturing offals, 
in most cases bearing special proprietary names..... G07. 


~ 126 brands. 

The striking fact about this list is the large proportion of 

specially compounded feeding stuffs, the ingredients of which 

are in many cases standard cattle foods mixed with materials of 
less value. 


ANALYSES OF SAMPLES OF FEEDING STUFFS COL- 
LECTED DURING 1900-1901. 


In the tables which follow may be seen the percentages of 
protein and fat, and in some cases of crude fiber, in the samples 
collected. Only determinations of protein and fat are required, 
but the proportion of crude fiber has been ascertained as an aid 
in deciding as to the use of oat hulls in a certain class of mix- 
tures. 

The number and character of the samples taken may be seen 
in the succeeding classified table. 


oee eer ere eee ese ee se ee ere ee eee eeraes eevee ee oe @ 


coeoe ee eer ee ee eeeeee eevee eevee eee eee eevee ee ee ee @ 


et be 
WONWE TN DO 


TABLE II.—NUMBER AND CHARACTER OF SAMPLES, 
Samples, Samples, 





fall of 1900. winter 1901. 

No. of No. of aN of No. of. 

Kind. samples. brands. samples. brands. 
RIO TUCCH MICA. strc c oes cect bec es ces Saar 3 2° 13 8 
PT EAC TUT Petey Seen ci es a elekis wip oe eens 6 F 7 5 12 9 
Gluten meal...... PRE os oe oe cca tee hoe I 1 pe 1 
PMIIEAL COUN oe cite Uae dees cclsiy agus dost te ose 10 6 17 5 
Germ oil meal..... Lee fete a cok area oe uf 1 2 1 

POC HALE RTULCTIVG LJ eteie a cece wie enie ss cis sre gs 5 1 1 

RIVERS LIPOUNLS re ee SO ns ote ces eee 1 1 1 1 
Proprietary feeds (mixed). io... 2. eon 42 of 54 yA f 
AONTIALYIRYT, Gen Ciaia Wiel etote oO chic aves 08 ev lagelaittoiacene 2 2 (4 3 
PARSTTU GR PP CR as rents ses ec dase em be ee 15 13 18 13 
MEY. LOOUSs ess csce cae ie cee ne eos Sie Pe 9 6 18 10 
Offals from milling wheat and rye......... Li if 16 10 
Ground grains, mostly mixed corn and oats. 21 21 13 13 











Chil: AO alee errerncmr rir aay. 98) 17 OTe 


SUMMARY. 
Fall 1900—Manufacturers ..... 78 Winter 1901—Manufacturers .. 70 
) Le) ee ee 98 Brands ees on 101 


Sampleg ....+++++++ 124 Samples ........ 17% 
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Col- 
lec- 
tion 
No. 


202 
216 
174 


165 
167 
181 


148 
169 
124 
131 


152 


209 
126 


201 
134 
164 
151 


156 
s40 
192 
217 


139 
141 


154 
215 


180 


129 


183 
200 
205 
210 
213 
214 
211 
212 


153 
207 
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TABLE III.—SAMPLES OF FEEDING STUFFS 


Name and address of manufacturer or jobber. 


American Cotton Oil Co., New York, 
American Cotton Oil Co., New York, 
Chapin & Co., St. Louis, Mo., 


Hauenstein & Co., Buffalo, 
Hauenstein & Co., Buffalo, 
Kelloggs & Miller, Amsterdam, 


Kellogg, Spencer, Buffalo, 

Mann Bros. & Co., Buffalo, 
Mayflower Mills, Fort Wayne, Ind., 
Mayflower Mills, Fort Wayne, Ind., 


National Starch Co., New York, 


Cullen, Andrew, Co., New York, 
Glucose Sugar Refining Co., Chicago, 1, 


Glucose Sugar Refining Co.. Chicago, IL, 
Glucose Sugar Refining Co., Chicago, 11, 
Glucose Sugar Refining Co., Chicago, 011., 
National Starch Co., New York, 


National Starch Co., New York, 
National Starch Co., New York, 
National Starch Co., New York, 
Oneonta Milling Co., Oneonta, 


/ 


U. S. Sugar Refinery, Waukegan, IIL, 
Glucose Sugar Refining Co., Chicago, II1., 


Barwell, J. W., Waukegan, IIl., 
Barwell, J. W., Waukegan, II1., 


Mohawk Milling and Malting Co., 
Mohawk, 


American Cereal Co., Chicago, IIL, 


American Cereal Co., Chicago, IIl., 
Arcade Mills, Kingston, 

Brooks Griffith Co., Minneapolis, Minn., 
Brooks Griffith Co., Minneapolis, Minn., 
Brooks Griffith Co., Minneapolis, Minn., 
Kaufmann Milling Co., St. Louis, Mo., 
Simpson Hendee & Co., New York, 
Simpson Hendee & Co., New York, 


The H. O. Co., Buffalo, 
The H. O. Co., Buffalo, 


Sampled at 


Delhi, Dean & Bramley, . 

Delhi, Penfield Milling Co., 

Lockport, John T. Darri- 
son, 


Brockport, C. EH. Shafer, 
Albion, Woods & Sprague, 
Mohawk, Mohawk Milling 
& Malting Co., 

2 

Lockport, James V. Rignel, 
Corning, W. M. Killigrew, 
Belmont, Hood & Bradley, 


Buffalo, National Starch 
Co., 


Delhi, Gleason & Kiff, 

Hornellisville, Steph. Hol- 
lands, 

Delhi, Dean & Bramley, 

Portville, Hotton Bros., 

Brockport, C. E. Shafer, 

Buffalo, National Starch 
Co., 

Springville, B. Chaffee, 

Florida, Roe Bros., 

Ossining, Crow & Williams, 

Delhi, Codperative Store 
Co., 

Fast Aurora, Griggs & Ball, 


Buffalo, Chapin & Co., 


Springville, B. Chaffee, 
Delhi, Penfield Milling Co., 


Alfred, W. ©., Burdick & 
Co., 
Roundout, F. H. Griffiths, 
Stamford, D. C. Hoagland, 
Delhi, Dean & Bramley, 
Delhi, Gleason & IKiff, 
Delhi, Gleason & Kiff, 
Delhi, Penfield Milling Co., 
Delhi, Gleason & Kiff, 
Delhi, Gleason & Kiff, 


Buffalo, Schen Bros., 
Delhi, Gleason & Kiff, 
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COLLECTED DURING THE FALL OF 1900. 
Col- Protein. Fat. 











lece eerie een Jeet COLI OME ET ICG 
tion Guaran- Guaran- fiber per 
No. Name of feed. Found. teed. Found. teed. found. ton. 
Perct. Perct. Perct. Perct. Per ct. 
202 Prime cotton seed meal, 45.8 43.0 9.3 9.0 $27.00 
216 Prime cotton seed meal, 45.1 48.0 11.8 9.0 
174 Cotton seed meal, 43.2 43.0 91 9.0 
165 Linseed meal, O. P., 35.6 39.62 7.8 8.53 33.00 
167 Linseed meal, O. P., 35.1 39:62 7.9 © 8.53 35.00 
181 Linseed oil meal, 36.1 36.70 9.4 7.83 35.00 
148 S. K. oil meal, 33.7 35.94 12.8 5.04 
169 Oil meal, 36.7 30:15 7.8 7.05 32.00 
124 i1Mayflower linseed meal, LE Gleo ooo IeeioU Poau20.7 635.00 
131 Mayflower linseed meal, 1G Gaeoe.oOe 94h 0. be) “22.0 
152 King gluten meal, 36.4. 32.6 Bil t UCT 
209 1Daisy gluten feed, 194 —— 25 — 8 9 19.00 
126 Buffalo gluten feed, 25.6 27.0 5.6 3.3 
201 Davenport gluten feed, 26.7 2.0 5.3 3.3 22.00 
1384 Diamond gluten feed, 23:7 27,0 3.6 3.3 19.00 
164 Diamond gluten feed, 26.9 27.0 Pa ES Pe 21.00 
151 Gluten feed, 20.9 21.2 at ES. 
156 Gluten feed, Ze Lee 2 Don 2.0 
s40 Gluten feed, 19.0 21.2 24 2.9 3.9 
192 Gluten feed, 24.2 21.2 40 2.9 22.00 
217 iSpecial gluten, 14.8 3.3 — 11.7 20.50 
189 Waukegan gluten feed, 20S 227.88) 438.6. 13.89 20.00 
141 Germ oil meal, 23.4 25.0 7.8 10.5 
154 Blatchfords’ calf meal, UA Ae STAD SAT ©) 6:80 70.00 
215 Blatchfords’ calf meal, oo.o0 eeleteo 4.00 6.50 70.00 
180 Malt sprouts, 22.7 23.95 49 3.93 15.00 
129 Buckeye wheat feed, 18.0 16.21 54 4.48 20.00 
183 Buckeye wheat feed, 18.3 16.21 48 448 6.7 20.00 
200 38Mixed feed, 17.1 — 1038 —— 88 20.00 
205 Royal mixed feed, 17.4 1661 49 548 7.0 20.00 
210 Royal mixed feed, 17.8 1661 54 5.48 20.00 
213 4Royal mixed feed, 16.3 16.61 48 548 9.1 20.00 
214 3Kauffmann’s mixed feed, 18.3 — 4.3 7.3 20.00 
211 Angola mixed feed, 16.8 16.61 -50 548 8.1 20.00 
212 Angola mixed feed, 17.6 16.61... 5.3" °5.48°.9.4 20.00 
153 H. O. Co’s dairy feed, — 186 180 40 45 13.5 18.00 
207 4H. O. Co.’s dairy feed, 18.1 18.0 43 45 18.5 238.00 
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Col- 
lec- 
tion 
No. 


150 
178 


196 


206 
172 


130 
159 


155 
218 


184 
187 


199 
203 
144 
186 
142 
140 


37 
198 
128 


163 
168 
170 
121 
189 
190 


160 
135 


145 
146 
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Name and address of manufacturer or jobber. 


The H. O. Co., Buffalo, 
The H. O. Co., Buffalo, 


The H. O. Co., Buffalo, 
The H. O. Co., Buffalo, 


American Cereal Co., Chicago, IIL, 


American Cereal Co., Chicago 
American Cereal Co., Chicago 


Chapin & Co., Buffalo, 


Ti 


aL bl se 


TaBLE III. 


Sampled at 


Buffalo, C. E. Perry & Co., 

Mohawk, Mohawk Milling 
and Malting Co., 

Kingston, Everett & Tread- 
well, 

Delhi, Gleason & Kiff, 

Lockport, W. HE. & H. K. 
Whicker, 

Alfred, W. C. Burdick & 
Co., 

Salamanca, E. K. Abbott, 


Springville, B. Chaffee, 


Diamond Hlevator and Milling Co., Min- Delhi, Codperative Store 


neapolis, Minn., 


Hudnut Co., Terre Haute, Ind.. 


Indianapolis Hominy Mills, Indianapo- 


lis, Ind., 
Miami Maize Co., Toledo, O., 
Miami Maize Co., Toledo, O., 


Oriental Flour Co., Danville, IL, 


Patent Cereals Co., Geneva, 
Pfeffer Milling Co., Lebanon, 
Rodebaugh, J. H., Buffalo, 


Ul, 


Co., 
Rondout, F. H. Griffiths, 


Rondout, A. 8. Staples, 
Stamford, D. C. Hoagland, 
Delhi, Dean & Bramley, 
Buffalo, John G, Heinold, 
Rondout, A. S. Staples, 
Buffalo, J. H. Rodebaugh, 
Hast Aurora, EK. E. God- 


frey, 
Shellabarger Mill & Elevator Co., Deca- Peekskill, C. 8S. Horton & 


Tur, 4 


Shellabarger Mill & Elevator Co., Deca- 


tutssLils, 


U. S. Frumentum Co., Detroit, Mich., 


Wiedler, S. W., & Co., Cincinnati, O., 


Wright, M. M., & Co., Danvill 


Chapin & Co., Buffalo, 


e, IIL, 


Sons, 


Delhi, Dean & Bramley, 

Buffalo, J. H. Rodebaugh, 

Kingston, Wilson & Wol- 
ven, 

Hornellsville, Steph, Hol- 
lands, 


Lockport, John T. Darri- 


son, 
Glucose Sugar Refining Co., Chicago, Qneida, Rathbun Sawyer 


Til, 


Acme Mills Co., Olean, 
Akron Cereal Co., Akron, O., 


American Cereal Co., Chicago, 


American Cereal Co., Chicago 
American Cereal Co., Chicago 
American Cereal Co., Chicago 
American Cereal Co., Chicago 


iil, 


ne 
mld lis 
wakiles 
jaa dls 


Bagley, G. W., & Son, Peekskill, 


Cerealine Mfg. Co., Indianapolis, Ind.; 


Cleveland Milling Co., Cleveland, O., 


Crescent Milling Co., Allegany, 


Crittenden, M. L., Buffalo, 
Crittenden, M. L., Buffalo, 


Co., 


Kingston, Chas. F. Gray, 

Alfred, W. C. Burdick & 
CO. 

Brockport, C. EK. Shafer, 

Albion, Woods & Sprague, 

Lockport, James D. Rignel, 

Corning, S. T. Hayt, 

2 


Peekskill, G. W. Bagley & 


Son, 
Little Valley, Geo. W. Grif- 
fiths, 
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Col- 
lec- 
tion 
No. 


150 
178 


196 


206 
172 
130 
159 


155 
218 


184 


187 
199 
203 
144 
186 
142 


140 
191 


204 
143 
197 
127 


173 
177 


137 
198 


128 
163 
168 
170 
121 
189 


190 


160 
135 
145 
146 


H. O. Co.’s horse feed, 
H. O, Co.’s horse feed, 


H. O. Co.’s horse feed, 


H, O. Co.’s horse feed, 
Quaker dairy feed, 


Schumacher’s stock feed, 


Schumacher’s stock feed, 


1Hominy, ‘“ Mohawk’? 
"Hominy feed, 


Hominy feed, 


Hominy feed, 
Hominy feed, 
Hominy feed, 
Hominy feed, 
Hominy feed, 
Hominy feed, 


‘Hominy feed, 
Hominy feed, 


Hominy feed, 


Hominy feed, 


Hominy feed, 


Hominy feed, 


‘Sugar corn 


feed, 


Sugar corn feed, 


Aéme feed, 


Corn and oat chop, No. 1, 


Victor corn 
Victor corn 
Victor corn 
Victor corn 


and oat feed, 
and oat feed, 
and oat feed, 
and oat feed, 


Vim oat feed, 


Mixed feed, 


Cerealine feed, No. 2, 


1C. chop feed, 


Chop feed, 


Sterling corn meal, 
Sterling provender, 


Protein. Fat. 
Guaran- Guaran- 
Found. teed. Found. teed. 
Perct. Perct. Perct. Per ct. 
DAT PRE $.84° 4.5 
12.0 -bdiedd 3.8 4.5 
13.3 12.0 48 4.5 
BWR A VAY 3.7 4.5 
13.0 12.08 34 2.50 
LD Aer 10.19 «22 «3:25 
10.7 10.79 4.7 3.28 
10.8 — 8&4 — 
10.3 — 71 -—— 
T1L.On12.85).92.5, 8.52 
11.67 d10008.9) 30,47 
10.9 10.98 10.4 7.05 
1:4 lOO et Glens OO 
10.8. 11.06. 7.0, 9.85 
12.1. 11.64; 9.91," 8.08 
11.4 10.00 95 #£8.00 
1L.0 10:15) 8S |6.68 
11.5 10.76 10.4 8.64 
12.0 10.76 89 8.64 
Tiel 1a Oi 6.65 
1138 998 9.0 8.33 
11.3 10.93 9.8 8.00 
13.1 —- 35 -—-— 
18.5 18.5 3.6 3.0 
8.6 9.70 4.6 4.41 
10.8 .7.94 6.7 4.18 
$.9 0% §.23). 43.8) 23.00 
9.2.) 8,23 5.1m .3:00 
Ue ozo 4:60. 3.00 
9.1) 98.235 9 4547) - 3,00 
a0 | 6.505 4 ib: 2.58 
13.3 1244 7.0 4.65 
12.4 10.31 101 £8.62 
S.Oey DiS e014: 25 188.27 
8.0. -8:40) 0.3.9) 3.58 
8.4 11.12 43 £46.46 
7.6.41 8:82 4..3:3.0.55 


ot1 


Crude Price 
fiber per 
found. ton, 


Per ct. 


9.4 $20.00 
10.9 22.00 


.10.9 23.00 


8.9 22.00 
16.5 18.00 


12.1 20.00 
12.4 21.00 


18.00 
19.00 


19.00 
18.00 
20.00 
18.50 
18.00 
17.50 
19.50 
19.50 


18.00 


17.00 
18.00 


TR 
ea 


19.00 
18.35 


10.8 
11.9 
10.6 


18.00 
18.00 
17.50 
18.00 
16.00 
22.00 


nh 
1S ¢ 


21.00 


19.00 
18.00 


EAD Ww 
@eonO FP WO 
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Col- 
lece 
tion 
No. 


147 
194 
149 
158 
122 
186 
120 
193 
133 
195 


179 


138 
182 


125 


185 
182 
157 
s 38 
s 42 
s19 
$s 22 
$s 23 
s18 
$10 
s 14 
s 43 
s 20 
s 24 
s 15 
$s 21 
s 385 
s 13 
s 11 
s16 
s 41 
s 34 
1s 42 
1337 
s 39 


s 36 
$s 37 


123 
171 
162 


208 
119 
166 
175 
188 
833 
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Name and address of manufacturer or jobber. 


Crittenden. M. L., Buffalo, 

Crow & Williams, Ossining, 

Diamond Mills, Buffalo, 

Ellicottville Milling Co., Ellicottville, 
Empire Mills, Olean, 

Empire Mills, Olean, 

Hayt, S. T., Corning, 

Heath, H. R., & Sons, Fort Dodge, Ia., 
Hotton Bros., Portville, 

Kentucky Milling Co., Henderson, Ky., 


Mohawk Milling & Malting Co., Mo- 


hawk, 
Oliver & Bolender, Olean, 
Phelps & Sibley, Cuba, 


Sanborne & McClave, Elmira, 


Staples, A. S., Rondout, 

Streeter, L. L., & Sons, Johnstown, 
Victor Milling Co., Springville, 
Adams, E. M., Franklinville, 
Saunders, G. P., Dunkirk, 
Bidleman & Rowley, Medina, 
Gage, W. G., & Co., Fulton, 
Osborn, W. H., Mexico, 

Acme Mills, Olean, . 

Adams, HE. M., Franklinville, 
Amity Roller Mills, Belmont, 
Benson, A. T., Cattaraugus, 
Bidleman & Rowley, Medina, 
Cleveland Milling Co., Cleveland, O.. 
Dean & Spring Mfg. Co., Franklinville, 
Fitzpatrick & Weller, Ellicottville, 
Godfrey, BH. E., East Aurora, 
Griggs & Ball, East Aurora, 

Oliver & Bolender, Olean, 
Saunders, G. P., Dunkirk, 

Sowl Milling Co., Salamanca, 

True & Young, Cattaraugus, 
Hollands, Stephen, Hornellsville, 


Berger, Anderson Co., Milwaukee, Wis., 


Hollands, Stephen, Hornellsville, 


Fitzpatrick & Weller, Ellicottville, 
Weinhold, G., Buffalo, 


American Cereal Co., Chicago, IIl., 
American Cereal Co., Chicago, IIl., 
H. O. Co., Buffalo, 


H. O. Co., Buffalo, 

Bowker Fertilizer Co., Boston, Mass., 
Bowker Fertilizer Co., Boston, Mass., 
Yinn’s, H., Sons, Syracuse, 

McCoy & Best, Peekskill, 

Preston Fertilizer Go., Brooklyn, 


TABLE III 


Sampled at 


orning, W. M. Killigrew, 


ES sshd a 


Ossining, Crow & Williams, 

2 

Kingston, Everett & Tread- 
well, 

2 


Friendship, Graham & 
Robinson, 

Hornellsville, Simmons & 
Howell, 

2 

2 

3 

3 

2 

3 


Adams, I. M. Bateman, 


Sulamanca, E. R. Abbott, 


soeveeeneunuvnwy © © Ow wo we 


Cattaraugus, A. T. Benson, 
3 


a 

Springville, Springville 
Roller Flour Mills, 

Corning, W. M. Killigrew, 

Lockport, James O: Rignel, 

Dunkirk, J. W. O’Brien & 
Co., 

Delhi, Gleason & Kiff, 

Medina, 8. P. Blood & Co., 

Brockport, C. EH. Shafer, 

8 


8 
Goshen, Conklin & Cum- 
Taina, 


New YorkK AGRICULTURAL EXPPRIMENT STATION, 


~—~Concluded. 


Col- 
lec- 
tion 
No. 


147 
194 
149 
158 
122 
136 
120 
198 
133 
195 


179 


138 
132 


125 


185 
182 
157 
s 38 
Ss 42 
s19 
$s 22 
$s 23 
s18 
$10 
s 14 
s 43 
s 20 
s 24 
815 
§ 21 
8 35 
$13 
s11 
816 
s 41 
s 34 
$12 
s17 
s 39 


s 36 
s 37 


123 
171 
162 


208 
119 
166 
175 
188 
8 33 


Name of feed. 


‘6 999,” 

C. and W. mixed feed, 
Diamond corn and oat feed, 
Chop feed, 

Empire feed, 

Empire feed, 

Corn and oat chop feed, 
Yankee corn and oat feed, 
Common feed, 

Jersey mixed feed, 


Corn and oat chop, 


Chop feed, 
’Corn and oat chop, 


?Diamond mills special chop, 


Areade mixed feed, 

Common feed, 

Golden chop, 

Corn meal, No. 2, 

Corn meal, No. 2, 

Oats, ground, 

Oats, ground, 

Oats, ground, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

Corn and oats, 

1Chop, No. 1, 

3Mixed feed, ‘‘ Badger,” 

1Heed, No. 2, bran, meal and 
middlinzs, 

Middlings, winter wheat, 

Flour, for feed, 


American poultry food, 
American poultry food, 
H. O. Co.’s poultry feed, 


H. O. Co.’s poultry feed, 
Bowker’s animal meal, 
Bowker’s animal meal, 
Ground meat and bone, 
Evap. bone and meat meal, 
Champion poultry food, 


4 Not licensed in this State in 1900. 
2 Sample taken at mill. 
? Subject to license as marked. 


373 

Protein, Fat. 
eee ee etme ein eee eee TI Oe TOG 

Guaran- Guaran- fibre per 
Found. teed. Found. teed. found. ton. 
Perct. Perct. Perct. Perct. Per ct. 
10.8 10.27 3.8 4.43 11.7 
10.4 10.0 65 4.5 9.5 $21.00 
79 944 3.2 £44.78. 10. 
8.1 1038 41 414 84 18.00 
&4°' 7.63 3.8 ~2.97:7'6.1 19.00 
8.2 °° '.638" (3:87 -29T °S 20:00 
TLS. 10.007 * 6.8 =. 4.0008.) 19.00 
7.1 8:96" 2.54.33" 15.6 18.50 
10.1 838 5.2 4.85 99 18.00 
14.9 11.59 39 348 138.4 19.50 
11.8° 6652 . 3.9 ~ 2.52)’ 6.2 
9.4" 813+ 6.1 ~ 459° 7.8 19:00 
10.5 4.6 4.2 22.00 
99 — 43 — 16 22.00 
11.5 10.42 55 5.86 6.7 18.00 
BS Gaee. le erat al) snes so bse Load 
80 9.17 3.9 5.84 10.8 18:00 
9.4 4.4 2.0 
10.1 3.9 1.9 
12:9 7.6 9.5 
11.2 3.4 9.6 
je 2.9 10.7 
9.9 5.6 3.7 
9.4 3.5 7.6 
10.1 3.3 6.0 
10.9 4.5 1.3 
10.6 6.2 4.9 
10.3 5.0 5.8 
10.3 4.7 5.5 
10.5 5.6 4.8 
12:3 3.2 6.5 
at a 5.6 6.8 
10.5 4.1 3.4 
10.3 6.1 4.1 
11.3 3.9 4.7 
ania} 4.9 7.4 
11.6 5.2 5.5 
16.8 7.1 9.0 
15.3 5.1 7.5 
19.8 6.1 4.6 
13.6 A Pat 0.6 
13.1 138.65 68 3.96 4.1 ©25.00 
13.20 1S.65019 1.2 bod S648 25:00 
17.4 17.0 §.4° 5.5 5.1 30.00 
Vi AGTO 5.84 05.5 5.0 30.00 
46.5. 30.0" 10.) - 5.0 45.00 
39.1 30.0 10.3 5.0 60.00 
44.4 45-51 17.7 15-22 30.00 
39.8 41.40 16.5 19.75 380.00 
23.8 40.0 96 8.0 


4 Bought of Wilson & Eaton, Amenia, N. Y., for 


Royal Mixed Feed. 


5 If licensed no evidence shown. 
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Report oF INSPECTION Work OF THD 


TABLE IV.—SAMPLES OF FEEDING STUFFS 


Name and address of manufacturer or jobber. Sampled at 


American Cotton Oil Co., Little Rock, Homer, Newton & Co., 
Ark., 
American Cotton Oil Co., Little Rock, Marathon, Marathon Roller 


Ark., Mills, 
American Cotton Oil Co., New York, Binghamton, Geo. Q. Moon 
& Co., 
American Cotton Oil Co., Helena, Ark., Oswego, Geo. H. Hunt, 
Chapin & Co., St. Louis, Mo., Oxford, Byron Gray, 


Chattanooga Cotton Oil Co., Chatta- Owego, Geo. Nichols, 
nooga, Tenn., 

Empire Grain & Blevator Co., Bing- Whitney’s Point, A. F. 
hampton, Sanders, 

Hunter Bros., St. Louis, Mo., Oneonta, Ford & Rowe, 

Independent Cottonseed Oil Co., Mem- Norwich, H. O. Hale, 
phis, Tenn., 

Independent Cottonseed Oil Co., Mem- Oswego, Geo. H. Hunt, 
phis, Tenn., 


Oneonta Milling Co., Oneonta, Sidney, Roseboom & Ingra- 
ham, 

J. G. Fall & Co., Memphis, Tenn., Oneonta, Oneonta Milling 
Co., 

Booker & Gentry, Memphis, Tenn., Oneonta, Oneonta Milling 
Co., 

American Linseed Co., New 1xork, Auburn, W. L. Noyes, 

American Linseed Co., New York, Binghamton, Binghamton 
Produce Co., 

American Linseed Co., New York, Binghamton, Geo. Q. Moon 
& Co., 

American Linseed Co., New York, Phoenix, A. C. Parker, 

Dayton Milling Co., Towanda, Pa., Waverly, John C. Shear, 


Hmpire Grain & Hlevator Co., Bingham- Homer, Newton & Co., 
ton, 


Hauenstein & Co., Buffalo, Elmira, A. F. Rohmer, 
Mann Bros., & Co., Buffalo, Waverly, D. V. Personius 
& Son, 


Midland Linseed Oil Co., Minneapolis, Oneonta, Ford & Rowe, 
Minn., 


National Linseed Co., New York, Oneonta, Oneonta Milling 
Co., 

Oneonta Milling Co., Oneonta, Sidney, Roseboom & Ingra- 
ham, 

Union Linseed Co., Troy, Penn Yan, John Conklin & 
Son, 


Glucose Sugar Refining Co., Chicago, Ill., Cortland, S. N. Holden & 
C . 


Ox 
Glucose Sugar Refining Co., Chicago, Il., Binghamton, Empire Grain 
& Elevator Co., 
Glucose Sugar Refining Co., Chicago, I1l., Cortland, Brayton Bros.. 
tlucose Sugar Refining Co., Chicago, Ill., Marathon, J. H. Sieber & 
Son, 
Glucose Sugar Refining Co., Chicago, Ill., Waverly, John C. Shear, 
Glucose Sugar Refining Co., Chicago, Ill., Waverly, D. V. Personius 
& Son, 
Glucose Sugar Refining Co., Chicago, Ill., Walton, Smith & St. John, 
Glucose Sugar Refining Co., Chicago, Il]., Norwich, Robert D. Eaton, 
Glucose Sugar Refining Co., Chicago, Ill, Whitney’s Point, Henry 
Braman, 


New York AGRICULTURAL EXPERIMENT STATION. 


COLLECTED DURING THE SPRING OF 1901. 


Col- 
lec- 
tion 
No. 


239 
249 


217 
283 
318 
357 
258 


Name of teed. 


Cottonseed meal, prime, 
Cottonseed meal, prime, 
Cottonseed meal, 
Cottonseed meal, prime, 
Cottonseed meal, 


*Cottonseed meal, 


‘Cottonseed meal, “Lily” 
brand, 


Cottonseed meal, 
*Cottonseed meal, ‘Sunny 
South,” 


Cottonseed meal, prime, 
*Cottonseed meal, 


*Cottonseed meal, 


*Cottonseed meal, 
Oil meal, O, P., 
Oil meal, O. P., 
Giieimeal “OO. P.. 
Oil meal, O. P., 
‘Oil meal, O. P., 
*Oil meal, O. P., 
Oil meal, O. P., 
Oil. meal, O. P., 
Oil meal, O. P., 


eile ined), O.* b.. 
‘Oil meal, O. P., 
Oil meal, Cow brand, 
Gluten meal, Chicago, 
Gluten meal, Chicago, 


Gluten feed, Buffalo, 
Gluten feed, Buffalo, 


Gluten feed, Buffalo, 
Gluten feed, Buffalo, 


Gluten feed, Buffalo, 
Gluten feed, Buffalo, 
Gluten feed, Marshallton, 











fiber 
found. 


Per ct. 


20.0 


315 


per 
ton. 


$30.00 
31.00 
26.50 
27.00 


26.00 
26.00 


27.00 
24.50 


26.00 
27.00 


27.00 
25.00 
25.00 


28.75 
30.00 
36.00 
33.00 
40.00 


40.00 
27.50 


28.00 
30.00 


25.00 
24.00 


21.00 
20.00 


21.00 
21.00 


20.50 
21.00 


Protein. Fat. 
eae CT UOOm Erico 
Guaran- Guaran- 
Found. teed. Found. teed. 
Per ct. Per ct. Perct. Per ct. 
42.1 438.0 9.0 9.0 
43.2 48.0 102 9.0 
46.6 43.0 95 9.0 
45.1 43.0 9.9 9.0 
45.0 43.0 9.4 9.0 
44.0 98 — 
44.6 43.0 85 9.0 
43.0 43.0 9.6 9.0 
ERA aR) 6.2 6-7 
45.5 4245 10.7 8-12 
44.4 43.0 8.2 9.0 
45.6 4143 93 9-10 
43.3 43.0 9.1 9.0- 
86.1 32-36 88 5-7 
32.3 32-36° 7.7: 5-71 
84.0 32-36 T7.4 5-7 
86.6 32-36 8.1 57 
38.7 2.6 
31.3 —— 7.4 — 
87.1 40.96 7.4 8.65 
SO -OOLLU (ia! 7.05 
29.7 32-38 8.0 5.75-9 
30.3 — 68 — 
37.8 38-40 2.2 1-3 
35.4 22.09 75 6.82 
89.1 38.0 a Rees 4 
86.8 38.0 455 G.e 
43) 103 Puig ees 
21... -28.5 sles et ates ee 4 
27.4 28.5 oo 3 
ZOe re. 4,2 ape 
27.4 235 42 338 
24.9 28.5 3.8 3.3 
28.6 28.5 a. beeence 


20.00 


316 


Col. 
lec- 
tion 
No. 


308 
310 


235 


288 
322 


228 
242 
252 


323 
359 


240 
340 


219 
230 
264 
276 


366 


226 
256 


289 
298 
370 
324 
241 
341 


327 
367 
333 
355 
bey | 
232 


315 
330 
354 


2938 


316 
329 
343 


251 


274 


306 
349 


Report or INSPECTION WORK OF THD 


Name and address of manufacturer or jobber. 


TABLE IV. 


Sampled at 


Glucose Sugar Refining Co., Chicago, [1l., Deposit, Hinman Bros., 
Glucose Sugar Refining Co., Chicago, Ill, Deposit, Deposit Milling 


Co. 


Glucose Sugar Refining Co., Chicago, I11., Cortland, S. N. Holden & 
: Cc 


O., 
Glucose Sugar Refining Co., Chicago, Ill., Owego, Geo. Nichols, 


Oneonta Milling Co., Oneonta, 


. Sugar Refining Co., Chicago, IIl., 
U. S. Sugar Refining Co., Chicago, II1., 
U.S. Sugar Refining Co., Chicago, II1., 


Lo: 
US: 


Sugar Refining Co., Chicago, I1., 
Sugar Refining Co., Chicago, LIIl., 


Glucose Sugar Refining Co., Chicago, IIL, 
Glucose Sugar Refining Co., Chicago, IIL, 


Banner Food Co., Auburn, 

Barwell, J. W., Waukegan, IIL, 
Barwell, J. W., Waukegan, I]l., 
Barwell, J. W., Waukegan, IIL, 


Nester, S. K., Geneva, 


American Cereal Co., Chicago, U1., 
American Cereal Co., Chicago, IIL, 


American Cereal Co., Chicago, I]1., 
American Cereal Co., Chicago, IL, 
American Cereal Co., Chicago, IL, 


Blue River Milling Co., Edinburg, Ind., 


Fish & Co., New York, 
Hunter Bros., St. Louis, Mo., 


Kehlor Bros., St. Louis, Mo., 
Kehlor Bros., St. Louis, Mo., 
National Milling Co., Toledo, O., 
National Milling Co., Toledo, O., 
Strait, C. W., Homer, 


H. O. Co., Buffalo, 
H. O. Co., Buffalo, 
H. O. Co., Buffalo, 
H. O. Co., Buffalo, 
H. O. Co., Buffalo, 
H. O. Co., Buffalo, 
H. O. Co., Buffalo, 


Oneonta Milling Co., Oneonta, 
American Cereal Co., Chicago, UL, 
THe 
The 


American Cereal Co., Chicago, 
American Cereal Co., Chicago, 


American Cereal Co., Chicago, UL, 


Sidney, Roseboom & Ingra- 
ham, 

Cortland, I. V. Johnson, 

Homer, W. H. Darby, 

Marathon, Marathon Roller 
Milis, 

Oneonta, Ford & Rowe, 

Oswego, Geo. H. Hunt, 


Cortland, Brayton Bros., 
Oneonta, Oneonta Milling 
Co., 


Cortland, I. V. Johnson, 
Elmira, D. Bevier, 
Waverly, John C. Shear, 


Cortland, I. V. Johnson, 
Whitney’s Point, Homer 
Smith, 
Owego, Geo. Nichols, 
Binghamton, B. Baker, 
Geneva, Geneva Coal Co., 
Oneonta, Ford & Rowe, 
Homer, W. H. Darby, 
Oneonta, Oneonta Milling 
Co., 
Oneonta, Morris Bros., 
Geneva, J. J. Holman, 
Oneonta, Morris Bros., 
Norwich, Robert D. Haton, 
2 


Cortland, S. N. Holden & 
Co., 

Walton, Smith & St. John, 

Oneonta, Morris Bros., 

Norwich, H. O. Hale, 

Binghamton, Binghamton 
Produce Co., 

Walton, Smith & St. John, 

Oneonta, Morris Bros., 

2 

Marathon, J. H. Sieber & 
Son, 

Waverly, John C. Shear, 

Binghamton, Empire Grain 
& Elevator Co., 

Oxford, Ryron Gray, 


New YorkK AGRICULTURAL EXPERIMENT STATION. ny al 





— Continued. 

Col. Protein. Fat. 

1oc- eS ee oe LOTUS Price 
tion Guaran- Guaran- fiber per 
No. Name of feed. Found. teed. Found. teed found. ton. 

Percts er ¢t.. PerctasLer ck. ber ct. 

308 Gluten feed, Marshallton, 30.1 28.5 40 3.3 $21.00 
310 Gluten feed, Marshallton, 28.8 28.5 49 3.3 21.00 
235 Gluten feed, Rockford diamond, 25.7 28.5 4.7 3.3 20.00 
288 Gluten feed, Rockford diamond, 27.2 28.5 49 33 20.00 
322 ‘Gluten feed, 13.6 —- 38 —— 20.00 
228 Gluten feed, Waukegan, QE Zhoout 4a) fooo 20.00 
242 Gluten feed,,Waukegan, 27.0 27.38 4.2 3.39 20.00 
252 Gluten feed, Waukegan, hglsike ints Ao 4 GO.O0 20.00 
323 Gluten feed, Waukegan, 27.o 27.88 5.1 | 38.39 20.40 
309 Gluten feed, Waukegan, 26.9..27.38, 6.2.:,3.39 22.00 
240 Germ oil meal, 23.9. 25:0) 8.6 10.5 28.00 
340 Germ oil meal, pp OH SS 5a tae 8 9 ee 8 22.00 
219 Banner stock food, 26.9 25.0 6.6, 5,0 12.2 160.00 
230 Blatchford’s calf meal, Zoe 2.0. BO, 5.4) 70.00 
264 Blatchford’s calf meal, 24.4 26.0 5.4 5.0 70.00 
276 Blatchford’s calf meal, 25.8 26.0 5.5.44 5,0 ~ 70.00 
3606 Malt sprouts, 26.6 25.0 4.1, 22.0 15.00 
226 Buckeye wheat feed, 17.3 16.21 49 4.48 20.00 
256 Buckeye wheat feed, 16:7) 916.21 45 5:2. 4.48 19.75 
289 Buckeye wheat feed, 18.1 16.21 49 4.48 20.00 
298 Buckeye wheat feed, 18.3 16.21 49 4.48 20.00 
370 Buckeye wheat feed, 16.7 16.21 5.1 448 

324 *Mixed feed, 17.3 54 — 7.8 

241 *Mixed feed, ‘‘ Rex,” 175 — 49 -— 82 

341 *Mixed feed, “ Excelsior,” 17.3 — 50 — 82 

327 *Mixed feed, Die rush, dais aos 
367 *Mixed feed, 16.7 — 51 — 82 21.50 
333 *Delaware feed, 17.0 — 49. — 74 21.00 
355 Delaware feed, 16.9 — 54 — 7.6 20.00 
s31 Bran and middlings, 156 —- 49 — 7.6 

232 H. O. Co.’s dairy feed, 19.4 18.0 49 45 138.0 20.00 
315 H. O. Co.’s dairy feed, 18.7 18.0 47 45 11.9 23.00 
330 H. O. Co.’s dairy feed, 18.8 18.0 ATA, Le. 421.50 
354 H. O. Co.’s dairy feed, 185 7-138.0 48 45 11.8 21.00 
293 H. O. Co.’s horse feed, 12.3, 12.0 4.2 4.5 9.6 22.00 
316 H. O. Co.’s horse feed, eyes PAT 4.1 4.5 Dee 22.00 
329 H. O. Co.’s horse feed, gS BR a 4.0 4.5 9.6 21.50 
343 Monarch horse feed, 13.2. 13.0 Wap eee, aG.o «2.00 
251 Quaker dairy feed, 14.1 12.03 386 2.50 15.5 18.00 
274 Quaker dairy feed, 144,,12.:08 - 40% 2.50 15.0 18.00 
306 Quaker dairy feed, Tete tie.Uoy to. sou LO.9 1 2OU 
349 Quaker dairy feed, 13.4 12.08 36 2.50 15.2 18.00 


we) 


250 
253 
280 


Oo 
oo 
+ 


358 
282 


371 
307 


221 
233 


207 


Revortr or INSPECTION WORK OF THE 


TABLE IV. 


Name and address of mannfacturer or jobber. Sampled at 
American Cereal Co., Chicago, IIL, Geneva, Geneva Coal Co., 
American Cereal Co., Chicago, IIil., Cortland, S. N. Holden & 

Co., 
American Cereal Co., Chicago, IIL, Norwich, H. O. Hale, 
American Cereal Co., Chicago, Ill, Geneva, Geneva Coal Co., 
American Malting Co., Detroit, Mich., Marathon, J. H. Sieber & 
Son, 
Chapin & Co., St. Louis, Mo., Cortland, S. N. Holden & 
Co.,* 
Chapin & Co., St. Louis, Mo., Oxford, Byron Gray, 
Clapp, Arthur Jerome, New York, Cortland, C. O. Smith, 
Cox, C. M., & Co., Geneva, Homer, Newton & Co., 


Empire Grain & Hievator Co., Bing- Cortland, Brayton Bros., 
hampton, 
Empire Grain & Elevator Co., Bing- Whitney’s Point, Homer 


hampton, Smith, 
Empire Grain & Hlevator Co., Bing--Whitney’s Point, Henry 
hampton, Braman, 
Hudnut Co., Terre Haute, Ind., Binghamton, Empire Grain 
& Elevator Co., 
Hudnut Co., Terre Haute, Ind., Oneonta, Morris Bros., 
Indianapolis Hominy Mills, Indianapo- Homer, Paul Billings & 
lis, Ind., Cox 
Miami Maize Co., Toledo, O., Oneonta, Oneonta Milling 
Co., 
Patent Cereals Co., Geneva, s 
Rodebaugh, J. H., Buffalo, Norwich, Robert D. Eaton, 
Seymore & Co., Buffalo, Binghamton, Geo. Q. Moon 
& Co., 
Shellabarger Mill & H levator Co., Deca- Deposit, Deposit Milling 
tur, Ill, Co, 
Shellabarger Mill & Elevator Co., Deca- Sidney, Roseboom & In- 
tur, Il. graham, 
Suffern Hunt & Co., Decatur, IIl., Binghamton, Empire Grain 


& Elevator Co., 
Glucose Sugar Refining Co., Chicago, Ill., Cortland, S. N. Holden & 
C 


Glucose Sugar Refining Co., Chicago, IIl., Aracsen het J. H. Sieber & 
Glucose Sugar Refining Co., Chicago, IL, iarachol, Moteatitig Roller 
Glucose Sugar Refining Co., Chicago, M11., waverly, D. V. Personius 
Glucose Sugar Refining Co., Chicago, UL, dae Oneonta Milling 


CO3 
Glucose Sugar Refining Co., Chicago, OL, Nommil, Robert D. Haton, 
Parsonius, D. V., & Son, Waverly, 


Adikes, J. & T., Jamaica, = 
Akron Cereal Co., Akron, O., Oneonta, Oneonta Milling 
Co., 

American Cereal Co., Chicago, IIl., Auburn, W. L. Noyes, 
American Cereal Co., Chicago, Il., Cortland, S. N. Holden & 
Co., 

American Cereal Co., Chicago, IL, Whitney’s Point, Homer 


Smith, 


New YorK AGRICULTURAL EXPERIMENT STATION. 


— Continued. 


Col- 
lec- 
tion 
No. 


369 
237 


353 
368 


248 


Name of feed. 


Quaker dairy feed, 
Schumacher’s stock feed, 


Schumacher’s stock feed, 
Schumacher’s stock feed, 


Hominy feed, 


Hominy feed, green diamond, 


Hominy feed, green diamond, 


‘Hominy meal, pop corn, 
*Hominy meal, 
‘Hominy meal, 
*Hominy meal, 
‘Hominy meal, 


Hominy feed, 


Hominy feed, 
Hominy feed, 


Hominy feed, 
Hominy feed, 
*Hominy feed, 
*Hominy feed, 
Hominy feed, 
Hominy feed, 
Hominy feed, 
Sugar corn feed, 
Fancy corn bran, | 
Fancy corn bran, 
Sugar corn feed, 
Sugar. corn feed, 


Faney corn bran, 


4Sugar corn feed, 


Ground feed, 
Royal oat feed, 


Victor corn and oat feed, 
Victor corn and oat feed, 


Victor corn and oat feed, 


Protein. 


12.8 
11.5 


11.6 


11.2 


10.4 
LOL 
10.5 
11.7 
10.4 
lee, 
10.9 
10.3 
11.3 


10.2 
12.4 


10.5 
10.9 
10.8 
10.7 
a hea 
13.4 
11.1 
14.6 
12.4 
List 
13.3 
14.0 


12.8 
11.9 


9.1 


at) 


0 WH D 
(=P) CO Ww 


ge ee _———— 
Guaran- 
Found. teed. Found. teed. 


Per ct. Per et. 


12.03 
10.79 


10.79 
10.79 


9.89 
11.0 
LEO 


= 


12.85 


12.85 
11.10 


10.93 
11.46 


11.14 
11.14 
11.02 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
8.75 
8.25 


8.23 
8.23 


8.23 





BS 


ee ee OS ae 
HO A 


=] 








379 


— Crude Price 
Guaran- fibre per 
found. ton. 
Perct. Per ct. 
2.50 16.5 $18.00 
o2o- 11.5 20.00 
ws ea Gee 
ech Rie AER 
7.06 18.00 
8.0 19.00 
8.0 18.00 
—— 4.6 19.00 
——— 18.50 
—— 20.00 
aa 20.00 
— 19.00 
8.52 18.75 
8.52 18.50 
10.47 19.00 
7.05 18.00 
9.30 17.00 
18.50 
_——— 20.00 
9.02 18.00 
9.02 18.00 
7.70 18.75 
23 LL bb Ls OO 
Ze LG pb 
2.0 10.7 17.00 
2.5 
2.5 18.00 
2.5 iow 
27.00 
3.00 6.7 19.60 
4.14 25.4 16.00 
3.00 9.38 18.00 
3.00° 11.4 17.00 
3.00 7.6 19.00 


380 


Col- 

lec- 
tion 
No. 


294 
307 
862 
270 
281 
246 
261 


350 
372 


348 
Zi 
s 28 
220 
266 
271 
312 


269 
291 


303 
364 
265 
314 


268 
351 


290 
342 
279 
311 
317 


Rm mM 
en 
Oo 


ANNRNRNANANARNN 
ho 
Ur AOQGHAORW 


nh 


REPORT OF INSPECTION WORK OF THD 


Name and address of manufacturer or jobber. 


American Cereal Co., Chicago, IIL, 
American Cereal Co., Chicago, IIL, 
i 


Il, 
Tue 


American Cereal Co., Chicago, 
American Cereal Co., Chicago, 
American Cereal Co., Chicago, 


Billings, Paul, & Co., Tunkhannock, Pa., 


Cerealine Mfg. Co., Indianapolis, Ind., 


Cerealine Mfg. Co., Indianapolis, Ind., 
Cerealine Mfg. Co., Indianapolis, Ind., 


Chester Mills, New York, 

Dayton Milling Co., Towanda, Pa., 
Dayton Milling Co.; Towanda, Pa., 
Diamond Mills, Buffalo, 

Diamond Mills, Buffalo, 

Diamond Mills, Buffalo, 

Diamond Mills, Buffalo, 


Hayt, S. T., Corning, 
Heath, H. R., & Sons, Fort Dodge, Ia., 


Heath, H. R., & Sons, Fort Dodge, Ia., 

Heath, H. R., & Sons, Fort Dodge, Ia., 

Husted Milling & Elevator Co., Buffalo, 

Keery, Thomas (Cadosia Mills), Han- 
cock, 

Kentucky Milling Co., Henderson, Ky., 

Kentucky Milling Co., Henderson, Ky., 


Muscatine Oat Meal Co., Muscatine, I[a., 


Oneonta Milling Co., Oneonta, 
Oneonta Milling Co., Oneonta, 
Personius, D. V., & Sons, Waverly, 


Rathbun-Sawyer Co., Oneida, 


Rathbun-Sawyer Co., Oneida, 
American Cereal Co, Chicago, III, 
Atlas Mills, Phoenix, 

Barnum, S. D., Waverly, 

Cadosia. Mills, Hancock, 

Cedar Falls Milling Co.,Cedar Falls, Ia., 
Darby, W. H., Homer, 

Deposit Milling Co., Deposit, 

Eaton, R. D., Norwich, 

Fernbaugh Mills, Dresden, 

French & Mead, Oxford, 

Husted Milling & Elevator Co., Buffalo, 
Pierce & Pendergast, Phoenix, 
Barnum, 8. D., Waverly, 


TABLE IV. 
Sampled at 
Binghamton, Binghamton 


Produce Co., 
Binghamton, Geo. Q. Moon 
& Co., 
Oswego, Geo. H. Hunt, 
Corning, S. T. Hayt, 
Waverly, D. V. Personius 
& Son, 


Homer, Paul Billings -& 
Co., 
Whitney’s Point, A. F. 


Sanders, 
Oxford, French & Mead, 
Goshen, H. B. Knight & 
Co., 
Oxford, Byron Gray, 
Waverly, John C. Shear, 
Waverly, John C. Shear, 
Auburn, W. L. Noyes, 
Elmira, John Livens, 
Corning, C. F. Brown, 
Hancock, E. E. Hackett & 
Co., 
8 
Binghamton, A. J. Smith 
& Son, 
Binghamton, Empire Grain 
& Elevator Co., 
Phoenix, A. C. Parker, 


Elnira, F. 8. Knapp, 

2 

Elmira, H. F. Rohmer, 

Oxford, French & Mead, 

Owego, Gilbert Truman & 
Son, 

3 


Hancock, E. E. Hackett & 
Co., 

Walton, Smith & St. John, 

Oswego, Geo. H. Hunt, 

2 . 


2 
2 


Oswego, James Dunlap, 
2 


Geneva, L. C. Davison, 
2 


Norwich, H. O. Hale, 
2 
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-~ Continued, 
Col- Protein. Fat 
lec- ee eee —-—Crude Price 
tion Guaran- Guaran- fiber per 
No. Name of feed. Found. teed Found. teed. found. ton. 
Perct. Perct. Perct. Perct. Per ct. 
294 Victor corn and oat feed, 91 8.23 42. 3.00 7.3 $19.00 
3807 Victor corn and oat feed, 7.8 823 3.1 3.00 118 
362 Victor corn and oat feed, weGOi. 6.25 ) Lose? 3.007494" 18:00 
270 Vim oat feed, TAM 630) £30) ° 2.5822,.7 ~15:00 
281 Vim oat feed, 4616.30) tito} 2.5819-28.9 
246 10at feed, 17 — 14 — 380.7 16.00 
261 Cerealine feed, No. 2, L497 10:82.47.87 8.03:>52.2 19.00 
350 Cerealine feed, No. 2, ae A082 PH8)i<8.08e02.1 18.00 
872 Cerealine germ oil cake, 17.4 15.638 12.6 8.00 24.00 
348 1Chester stock food, 6.9 11.5 SPE S6F 715 —TH-00 
272 1Chop, No. 2, 94 — 40 — 44 18.00 
s28 Chop, No. 2, 96 — 4.3 5. 21.00 
220 Diamond C. and O. feed, 6.6 944 3.2 4.78 15.2 18.00 
266 Diamond C. and O. feed, 68 944 34 4.78 12.1 - 18.00 
271 Diamond C. and O. feed, 68 944 2.8 4.78 18.5 18.00 
312 Diamond C. and O. feed, COG AA SSF ATS I125 -18200 
269 Corn and oats, 9.6 1048 4.2 4.00 85 18.00 
291 Yankee corn and oat feed, 6.3°° 8.96) 2.395.433 °18.7 
303 Yankee corn and oat feed, 6.8 8.96 °2.4 °4.33°°17.3 16.50 
364 Yankee corn and oat feed, COUNSOG HisZel 483i Tet 18:00 
265 onarch chop feed, 79 1040 34 3.27 83 19.00 
814 Crescent corn and oat feed, 85 834 .3.9.. 2.60.11.8 18.50 
268 Jersey mixed feed, 13.4 1156 3.8 3.65 138.4 20.00 
351 Jersey mixed feed, 11.8 1156 3.9 3.65 13.2 20.00 
290 Friends concentrated dairy feed,7.7 10.9 32 3.7 23.5 15.50 
842 Arrow corn and oat feed, hos. 0.00 wa et! (3 To o :45 19.00 
844 Corn and oat provender, iow Oto CAT 8.50" 10.7 18:00 
279 Corn and oat feed, Soe Ot. 2-6) 4,185" oT.1 20.00 
10.5 aU 
811 Oneida chop feed, 9.4 to Di, to 8.2 18.00 
13.5 4.5 
317 3Oneida buckwheat feed, 19.7 5.7 — 24.4 14.00 
s27 Ground oats (calf meal) 16.9 8.6 2.0 
s 8 Corn and oats, 11.4 3.8 7.5 
s29 Corn and oats, 9.5 1.4 8.3 
s 3 Corn and oats, 9.8 2.2 3.1 
s 4 Corn and oats, 11.6 5.0 6.4 
s30 Corn and oats, 10.0 PY 5.1 
$26 Corn and oats, Piet 18 5.9 
8 6 Corn and oats, 10.6 3.6 4.7 
® 9 Corn and oats, TLZ 4.5 6.1 
8s 7 Corn and oats, 10.4 4.5 4.6 
s 1 Corn and oats, 9.9 3.1 4.1 
8s 5 Corn and oats, 10.6 2.3 (Pe- 
825 Buckwheat, corn and oats, 9.4 1.5 5.4 


Col- 
lec- 
tion 
No. 


Report or INSPECTION WORK OF THE 


Name and address of manufacturer or jobber. 


TaBLE IV. 


Sampled at 


Berger-Anderson Co., Milwaukee, Wis., Cortland, S. N. Holden & 


Oneonta Milling Co., Oneonta, 


American Cereal Co., Chicago, IL, 
American Cereal Co., Chicago, IL, 
American Cereal Co., Chicago, IIL, 
American Cereal Co., Chicago, IIl., 
H. O. Co., Buffalo, 

H. O. Co., Buffalo, 

Mapes, O. W., Middletown, 


Bowker Iertilizer Co., Boston, Mass., 
Bowker Fertilizer Co., Boston, Mass., 


Bowker Fertilizer Co., Boston, Mass., 
Yinn’s, H., Sons, Syracuse, 

Finn’s, H., Sons, Syracuse, 

Flour City Plant Food Co., Rochester, 
Harding, Geo. L., Binghamton, 
Harding, Geo. L., Binghamton, 
Harding, Geo. L., Binghamton, 
Preston Fertilizer Co., Brooklyn, 


Romaine, DeWitt, Hackensack, N. J., 


Co., 
Sidney, Roseboom & In- 
graham, 
Cortland, I. V. Johnson, 
Waverly, John C. Shear, 
Owego, Geo. Nichols, 
Oneonta, Morris Bros., 
Hancock, Wm. A. Hall, 
Oneonta, Morris Bros., 
Binghamton, Binghamton 
Produce Co., 
Waverly, John C. Shear, 
West Winfield, H. W. 
Berry, 
Sprout Brook, A. EH. Os- 
trom. 
s 


Auburn, W. L. Noyes, 
Owego, Geo. Nichols, 
Whitney’s A; “da 


Sanders, 
2 


3 
Elmira, D. Bevier, 


Point, 


Cortland, I, V. Johnson, 
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— Concluded. 
‘Col- Protein. Fat. 
lec- or enn ee Crude = Price 
tion Guaran- Guaran- fiiber per 
No. Name of feed. Found: teed. Found. teed. found. ton. 
Per ct. Perct. Perct. Perct. Per ct. 

s32 Badger bran, 14.3 3.7 4.7 
Ss 2 Rye feed, 14.8 4.0 6.0 
227 American poultry food, 13.9 138.65 7.4 3.96 4.7 $25.00 
278 American poultry food, 12.9 13.65 55 3.96 26.00 
287 American poultry food, 12.847138.65 8 ste o 8.96.054.38~— 25.00 
332 American poultry food, 145 13.65 63 3.96 4.8 26.00 
313 H. O. poultry feed, 17.4 17.0 BT 865.5 4.9 30.00 
331 H. O. poultry feed, 17.2 17.0 5.7 5.5 5.0 28.00 
295 Mapes balanced ration for poul- 

try, 12.9 14.0 4.1 45 3.7 30.00 
275 Bowker’s animal meal, 25.2 80.0 16.8 5.0 62,00 
374 Bowker’s animal meal, 39.4 30.0 8.9 5.0 
375 Bowker’s animal meal, 33.9 30.0 21.8 5.0 
224 Ground beef cracklings, 42.2 50.68 19.4 20.66 380.00 
223 Ground beef cracklings, 44.0 50.68. 19.2 20.66 45.00 
285 i1EKxcelsior meat meal for poul- . 

try, 35.1 13.5 45.00 
262 Ivresh ground beef scraps, 444 420 184 38.0 50.00 
296 I*resh ground beef scraps, 40.3 42.0 380.9 38.0 45.00 
297 Meat meal for poultry, 66.2 49.0 19.5 19.0 40.00 
263 1Champion meat meal for poul- 

try, 414 40.0 115 890 50.00 
229 Boiled beef and bone, 47.2 45.0 18.7 15.0 45.00 
‘Not licensed in this State. 3 Subject to license as marked. 


2Sampie taken at mill. 4If licensed, no evidence shown, 
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COMMENTS. 


It is gratifying to note that the unmixed, or what may perhaps 
properly be termed, the standard, feeding stuffs, such as cotton- 
seed and linseed oil meals, the gluten meals and feeds, the 
brewer’s residues and hominy feeds, are of uniformly good 
quality and are practically as good as the guarantees. The only 
important instance of inferior quality in these classes of goods 
is the case of Mayflower Linseed Meal manufactured by the 
Mayflower Mills, Fort Wayne, Ind. It is believed that this 
brand has been withdrawn from the market. It is clearly 
fraudulent in character, as the protein was only about half the 
proportion represented to be present. 

The most numerous discrepancies between guarantees and 
actual composition occur with the mixed goods of which oat 
hulis are undoubtedly a component. These are the goods which 
in many instances bear such brand names as “ chop feed,” “ corn 
and oat feed,” ‘“ mixed feed,” etc., which lead the purchaser to 
conclude that the mixtures are made up of corn and oats. They 
have the appearance of being corn and oats, because corn meal 
or hominy feed and oat hulls are present. The protein guaran- 
teed is usually less than 10 per ct., often less than 9 per ct. and 
in some brands less than 8 per ct., but even these low percent- 
ages are not always maintained because of an evident overdose 
of the worthless oat hulls. 

The prominence of oat hulls in some of these mixtures is seen 
in the large proportion of fibre which they carry. The only 
grain product which supplies fibre generously is oat hulls, and 
when a mixture containing a considerable proportion of corn 
meal or hominy feed shows 12 per ct. of fiber and upwards, it is 
safe to conclude that oat hulls have been introduced. The same 
is true often when the fiber is less than 12 per ct. Attention 
is invited to the percentages of fiber given in the preceding 
tables. 

Many genuine mixtures of corn and oats are sold. These seem 
to be more abundant, that is, they constitute a larger propor- 


~ 
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tion of the “chop feeds” found in the market, than was the 
case when the Station first began to collect samples of this class 
of goods. The genuineness of these mixtures is seen in part in 
the low proportion of fiber which ranges between 8 per ct. and 
7 per ct., and in part in their general appearance. The presence 
of ground oat hulls is made evident by a characteristic mechan- 
ical condition and negatively by the absence of the crushed oat 
grains. It would not be difficult for farmers to so educate their 
eyes as to easily detect inferior oat hull mixtures. 

It is claimed, probably for good reason, that much of the corn 
meal sold in the State is mixed with hominy feed. While such 
a mixture is little, if any, inferior in feeding value to pure corn 
meal, the purchaser generally sustains financial injury, because 
if he wishes for hominy feed he can usually purchase it at a less 
price than that paid for the fraudulent corn meal. These corn 
meal and hominy mixtures are lighter in color than pure, yellow 
corn meal. Proof that this lighter color is not caused by grind- 
ing in white corn is difficult, because chemically and microsopi- 
cally hominy feed is very similar to the maize grain of which it 
was once a part. 

It is fair to conclude, also, that the by-products from the manu- 
facture of starch are used to mix with corn meal whenever they 
cost less than the latter. This fact was made evident at a pub- 
lic hearing before a committee of the New York legislature at 
the time legislation concerning the sale of feeding stuffs was 
pending. Very recently a jobber in feeding stuffs located in New 
York has issued a circular to millers advising them how they can 

“make corn meal” “in order to meet competition” by mixing 
corn bran with corn meal in the proportion of one to five. 

Without discussing here the question of the relative value of 
corn meal and the mixture, this practice, when not clearly under- 
stood, is a dishonest imposition upon the consumer, because if 
he wishes for corn bran in his ration he can buy it for less money 
than he can corn meal. Moreover, any miller who fraudulently 
descends to such unworthy means of sustaining his trade be- 
comes legally liable to a fine. 

25 
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One of the most frequent violations of the feeding stuff law is 
the failure of dealers to have in their possession the proper 
statement of the source and composition of licensed goods 
stored and sold in buik. Licensed brands stored and sold in the 
manufacturer’s sacks are usually properly marked. Because a 
brand is licensed the dealer handling it in bulk is not excused 
from the requirement of furnishing to the consumer the state- 
ment required by law. It should be entirely easy to secure such 
a statement from the manufacturer or jobber and there is no 
good reason for failing in this particular. 

The sale of the offals from milling wheat has also required 
some attention. It is customary with many mills to run to- 
gether all the offals, bran, middling, etc., and sell this mixture 
under the term “ mixed feed.” 

The requirements of the feeding stuff law do not apply to bran 
and middlings from wheat, rye and buckwheat when sold as such 
and it has been necessary to rule that these cannot be sold in a 
mixed condition under the simple term ‘“‘ mixed feed ” without 
complying with the provisions of the law, but must be labeled, 
if labeled at all, as pure bran and middlings. 

For the information of dealers who desire to be law-abiding 
and avoid the responsibility of doing business illegally, the fol- 
lowing list is given of goods either not licensed, or if licensed, 
without evidence of the same appearing as they were found in 
the hands of dealers. 

The goods in this list should be avoided until they are placed 
on the market legally. 
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BRrANUS TO BE AVOIDED BECAUSE OF NOT HAVING A LEGAL STANDING IN 
THIS STATE OR ELSE SOLD WITHOUT FULL COMPLIANCE WITH THE LAW. 


Name. 


* Cottonseed-meal, 

* Cottonseed-meal, 
brand, 

* Cottonseed-meal, 
South brand, 

+ Cottonseed-meal, 

* Cottonseed-meal, 

* Cottonseed-meal, 


* Mayflower linseed meal, 


* Linseed meal, O. Py, 
7+ Linseed meal, O. Pe. 
* Linseed meal, O. P., 
+ Linseed meal, O. P., 
+ Gluten feed, 

* Special gluten, 

* Daisy gluten feed, 
* Popeorn hominy, 


* Hominy feed, 

+ Hominy feed, 

¥ Hominy feed, 

+ Hominy feed, 

¥ Sugar corn feed, 

+ Oat feed, 

* Chester stock food, 
* Chop No. 2, 


Sunny 


Manufacturer or jobber. 


Chattanooga Cotton Oil Co., Chattanooga, Tenn, 
Empire Grain & Elevator Co., Binghamton, N.Y, 


Independent Cotton Oil Co., Memphis, Tenn. 

Oneonta Milling Co., Oneonta, N. Y. 

J. G. Fall & Co., Memphis, Tenn. 

Booker & Gentry, Memphis, Tenn. 

Mayflower Mills, Fort Wayne, Ind. 

Dayton Milling Co., Towanda, Pa. 

Empire Grain & Elevator Co., Binghamton, N. Y. 

National Linseed Co., New York, N. Y. 

Oneonta Milling Co., Oneonta, N. Y. 

Oneonta Milling Co., Oneonta, N. Y. 

Oneonta Milling Co., Oneonta, N. Y. 

Andrew Cullen Co., New York, N. Y. 

Arthur Jerome Clapp & Co., New York, N. Y., 
or John W. Metzler, Binghamton, N. Y. 

C. M. Cox & Go., Geneva, N. Y. 

Empire Grain & Hlevator Co., Binghamton, N.Y. 

J. H. Rodebaugh, Buffalo, N. Y. 

Seymour & Co., Buffalo, N. Y. 

D. V. Personius & Son, Waverly, N. Y. 

Paul Billings, New York, N. Y. 

Chester Mills, New York, N. Y. 

Dayton Milling Co., Towanda, Pa. 


* EHxeelsior meat meal for 


poultry, Flower City Plant Food Co., Rochester, N. Y. 
* Champion meat meal for 
poultry, Preston Fertilizer Co., Brooklyn, N. ¥. 


t Rex mixed feed, 
~ Excelsior mixed feed, 
* Delaware feed, 


Fish & Co., New York, N. Y. 
Hunter Bros., St. Louis, Mo. 
National Milling Co., Toledo, O. 





* Not licensed in 1901. 
t If licensed, no evidence shown by dealer. 
} Should be marked properly. Not legally sold under brand name used. 


SUGGESTIONS TO DEALERS. 


In this bulletin may be found a list of brands of feeding stuffs 
licensed for 1901. In the main the same brands will probably 
be licensed for 1902, doubtless with some additfons. These 
include every variety of commercial cattle foods which farmers 
and stable keepers ever need to purchase outside of the entire 
eereal grains, which are not subject to the provisions of the law. 
The manufacturers or jobbers who have paid license fees and 
filed the required guarantees have made it possible for dealers 
to handle their goods safely and with certain assurances as to 
character and quality, and therefore they are the ones who are 
entitled to patronage. 
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Dealers should require that when goods are handled in pack- 
ages the proper marks are affixed: 


Name and address of manufacturer or jobber. 
Name of brand. 

Guaranteed percentage of protein. 
Guaranteed percentage of fat. 


If the goods are bought in bulk, then the manufacturer or 
jobber should be asked to furnish the same statement for dis- 
play to customers. This is a simple matter, but it should be 
attended to in order to avoid any possible chance of action by 
the State and as a matter of justice to consumers. 


SUGGESTIONS TO CONSUMERS. 


There appears to be a growing tendency on the part of con- 
sumers to purchase proprietary brands of feeding stuffs that are 
mixtures of two or more by-products. Many of these mixtures 
are compounded for the purpose of providing a. medium in which 
inferior waste products lose their identity by mixing them with 
materials of good and well recognized quality. For instance, 
an “oat feed” may contain hominy feed, oat hulls and some- 
times enough of some material rich in protein, perhaps gluten 
meal, to bring the protein content of the mixture up to a desir- 
able proportion. Such a mixture is worth commercially what 
the hominy feed and gluten meal would cost and no more. If 
20 per ct. of oat hulls are present then the price of the mixtures 
should be 20 per ct. less than what a full ton of the hominy feed 
and gluten meal mixture would cost. Oat hull mixtures are 
not an imposition on the consumer, provided they are sold ata 
price proportional to the standard materials which the mixtures 
contain, otherwise they are bought at a loss. As a matter of 
fact, these mixtures are sold at about the prices which rule for 
feeding stuffs of standard grade. 

A glance at the previous tables will show the following range 
of prices: 
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Bepprietary Mmixed:.200dS:......ccceses $17.50 to $24.00 per ton. 
OTe ote ar ele ajse 2 in a's, val oare gralereibls 2400/0) 25.00%“ 
RUE TVSFLE Beli fers at ila sha! a ccie o/sie e's siete's Coss 20.00to 22.00 “ 
REY MCS eet tee lok ean (cies avai ey aie: ais g's, 048 L250 topo OG a8 
Sugar corn feed (corn bran mostly).... 17.00to 18.00 “ 
MRMEUMBRTTNICCUILO cae nee oie sie 0. c atadednielaefeiecciese ¢ 15.00 

Dem ere AU OLA IS ial. eas specie tieys,« es ee « 20.00 or less. 


These figures show conclusively that the proprietary mixcd 
goods containing 20 per ct. and upward of oat hulls are bought 
at a loss of generally not less than $5 per ton and doubtless 
often more. If farmers foolishly think that it is desirable to 
have in the grain mixture some fibrous material like oat hulls, 
let them hire someone to grind up their straw stacks or the 
mows of poor hay and mix the good grain with these. It is 
pitiful to see farmers of limited means paying grain prices for 
an ingredient in certain commercial cattle foods which is worth 
no more than the poorest coarse fodders around the barn. Such 
costly business management seems to be the fruit of either wil- . 
ful ignorance or a lazy indifference. 

The manufacturer who uses oat hulls in such a way as to 
deceive his customers is simply dishonest. 

One of the most glaring impositions discovered is the case of 
sample 246, representing an “ oat feed ” found on sale at Homer. 
The oat feed (?) contained only 1.7 per ct. of protein and over 
30 per ct. of fibre. It was nothing but oat hulls. The selling 
price was $15 per ton! Comment is unnecessary. 

The wise course for farmers to pursue is to purchase either 
standard by-product feeding stuffs or the entire grains, such as 
corn and oats, whole or ground. At $1 per hundred for corn 
meal and 40 cents per bushel for oats, a mixture of equal parts 
by weight’of these two grains can be secured at no greater price 
than what is asked for certain oat feeds. If hominy feed is 
used in place of the corn meal the cost would be lessened. 


SO-CALLED “RED ALBUMEN” A FRAUD.* 


W. H. JORDAN. 


Poultry-feeders and farmers throughout western New York have been 
much excited during the past few weeks by the exploiting of ‘‘ Red Albu- 
men.’ Doubtless many of them have been victimized; for druggists report 
demands for this material almost unprecedented even in the sale of patent 
medicines, and so far as evidence collected by the Station goes each pur- 
chaser has been defrauded. 

There are at least two preparations sold under the name red albumen, 
probably more; for the druggists in many places were evidently not sup- 
plied with the original material, but realized that the farmers were deter- 
mined to be “ gold-bricked’”’ anyway and so met the demand by substitut- 
ing compounds from their own stock. One of the preparations, that reach- 
ing the Station under the label of the United States Salyx Co., New 
.Concord, Ohio, has practically no feeding value as it contains only vs of 
1 per ct. of protein (albumen), the remainder being almost wholly oxide 
of iron (red paint) and sand. No phosphorus was found, nor was there 
any evidence of strychnine or the newly discovered (?) “ alequet.” Unless 
fraud has been worked upon the Sialyx Co., this is the original “red 
albumen.” . 

If so, instead of being worth 50 or 60 cents a pound, it is worth only 
from 1 to 2 cents a pound as “ Mineral Red” or “‘ Ground Iron Ore” used 
for paint. 

Druggists, or others who have substituted some other product for the 
original ‘‘ red albumen,” have been less conscienceless toward the farmers; 
for they have sold them an albuminous compound, probably a by-product 
which contains 11 or 12 per ect. of nitrogen or about 72 per ct. protein. 
This sells for varying prices, depending upon the druggist’s mood; but 
usually at the price fixed for the original article, 50 or 60 cents a pound. 
Animal meal, which supplies the best of albuminoid matter for poultry, 
contains more than half as much protein and sells at from 8 to 5 cents 
a pound. 


— 


* Reprint of a circular. 


> 





REPORT OF ANALYSES OF COMMERCIAL 
FERTILIZERS FOR THE SPRING AND 
DATE EORE TOON 


L. L. VAN SLYKE AND W. H. ANDREWS. 


SUMMARY. 


(1) Samples collected. During the year 1901, the Station col- 
lected 968 samples of commercial fertilizers, representing 465 
different brands. Of these different brands 334 were complete 
fertilizers; of the others, 49 contained phosphoric acid and pot- 
ash without nitrogen; 21 contained nitrogen and phosphoric 
acid without potash; 15 contained nitrogen only; 35 contained 
phosphoric acid alone; and 11 contained potash salts only. 

(2) Nitrogen. The 3834 brands of complete fertilizers con- 
tained nitrogen varying in amount from 0.36 to 8.10 per ct., and 
averaging 2.01 per ct. The average amount of nitrogen found 
by the Station analysis exceeded the average guaranteed amount 
by 0.12 per ct., the guaranteed average being 1.89 per ct., and 
the average found being 2.01 per ct. 

In 250 brands of complete fertilizers, the amount of nitrogen 
found was equal to or above the guaranteed amount, the excess 
varying from 0.01 to 1.83 per ct., and averaging 0.22 per ct. 

In 84 brands the nitrogen was below the guaranteed amount, 
the deficiency varying from 0.01 to 1.09 per ct., and averaging 
0.18 per ct. In 78 cases, the deficiency was less than 0.5 per ct. 

The amount of water-soluble nitrogen varied from 0 to 6.40 
per ct. and averaged 0.87 per ct. 





*A reprint of Bulletin No. 201. 
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(3) Available phosphoric acid. The 334 brands of complete 
fertilizers contained available phosphoric acid varying in 
amount from 1.01 to 18.46 per ct. and averaging 8.80 per ct. 
The average amount of available phosphoric acid found by the 
Station analysis exceeded the average guaranteed amount by 
1.18 per ct., the guaranteed average being 7.67 per ct. and the 
average found being 8.80 per ct. 

In 304 brands of complete fertilizers, the amount of available 
phosphoric acid found was equal to or above the amount guar- 
anteed, the excess varying from 0.01 to 4.81 per ct. and averaging 
1.26 per ct. 

In 380 brands, the available phosphoric acid was below the 
guaranteed amount, the deficiency varying from 0.01 to 7.72 per 
ct. and averaging 0.74 per ct. In 24 cases the deficiency was 
below 0.5 per ct. 

The amount of water-soluble phosphoric acid varied from 0 to 
10.77 per ct. and averaged 5.04 per ct. 

(4) Potash. The complete fertilizers contained potash vary- 
ing in amount from 0.26 to 11.59 per ct., and averaging 4.47 per 
ct. The average amount of potash found by the Station analysis 
exceeded the average guaranteed amount by 0.34 per ct., the 
guaranteed average being 4.18 per ct., and the average found 
being 4.47 per ct. 

In 259 brands of complete fertilizers, the amount of potash 
found was equal to or above the guaranteed amount, the excess 
varying from 0.01 to 4.75 per ct. and averaging 0.55 per ct. 

In 75 brands, the potash was below the guaranteed amount, 
the deficiency varying from 0.01 to 4.71 per ct. and averaging 
0.40 per ct. In 59 of these cases, the deficiency was less than 
0.5 per ct. 

In 70 cases among the 334 brands of complete fertilizers the 
potash was contained in the form of sulphate free from an excess 
of chlorides. 

(5) The retail selling price of the complete fertilizers varied 
from $14 to $43 a ton and averaged $25.71. The retail cost of 
the separate ingredients unmixed averaged $19.81, or $5.90 less 
than the selling price. 
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INTRODUCTION. 
NUMBER AND KINDS OF FERTILIZERS COLLECTED. 


During the year 1901, the Station’s collecting agents visited 
179 towns between April 5 and October 16, obtaining 963 
samples of commercial fertilizers. These samples represent 465 
different brands, the product of 60 different manufacturers, each 
manufacturer being represented by from one to 202 brands. 

The subjoined tabulated statement indicates the different 
classes included in the collection. 7 4 


CLASSES OF FERTILIZERS COLLECTED. 


Brands con- Brands con- 
Brands con- taining nitro- taining phos- 
Brands con- taining only Brands con- genandphos- phoricacidand Brands of 
taining only phosphoric taining only phoric acid potash with- complete 
nitrogen. acid. potash. Without potash. out nitrogen. fertilizers. 
15 35 11 21 49 334 


COMPOSITION OF FERTILIZERS COLLECTED. 


The following tabulated statement shows the average com- 
position of the complete fertilizers collected during the year, 
together with a comparison of the guaranteed composition and 
that found by analysis. 


x 


AVERAGE COMPOSITION OF COMPLETE FERTILIZERS COLLECTED. 


Averago 
per ct. 
found 
Per ct. guaranteed. Per ct. found. above 





oe Py pe ee — guaran- 
Lowest. Highest. Average. Lowest. Highest. Average, tee. 


EMT lt a's Catia ish adhe OO. bis Oo. ( Oo’ ico we OOO), SAlLOn ie. Ol) v 0312 
Available phosphoric 





SIRES 22 6 sa: vv bbe OF620 12200 ulti G7Tis 11) Ole vided Gag S S0Re Jod3 
Insoluble phosphoric 

PARED. aie s'6 te oie be 0 asp —_—- —-__-—0.00 «366.10 2.82 —— 
Lo Oa ae 0.75 °12.00° \4,13) 9. 0. 264517 5) 447° 0.34 


Water-soluble nitrogen —_-'_ - ——-_-—s«—“vovg”0.ood 6.40 0.87 — 
Water-soluble phos- 


ORIG CIO ss se ciae's 0.00 10.77 5.04 — 


TRADE-VALUES OF PLANT-FOOD ELEMENTS IN RAW MATERIALS AND 
CHEMICALS. 


The trade-values in the following schedule have been agreed 
upon by the Experiment Stations of Massachusetts, Rhode 
Island, Connecticut, New York, New Jersey and Vermont, as a 
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result of study of the prices actually prevailing in the large 
markets of these states. 

These trade-values represent, as nearly as can be estimated, 
the average prices at which, during the six months preceding 
March, the respective ingredients, in the form of wnmixed raw 
materials, could be bought at retail for cash in our large 
markets. These prices also correspond (except in case of avail- 
able phosphoric acid) to the average wholesale prices for the 
six months preceding March, plus about 20 per ct. in case of 
goods for which there are wholesale quotations. 


TRADE-VALUES OF PLANT-Foop ELEMENTS IN RAW MATERIALS AND 


CHEMICALS. 
1901. 
Cts. per 
pound. 
Nitrogei if PAM mOnIs  SAllSecy aay c.e/te se acai eee pinietevece oe we upie ts eee Teen 1644 
Nitrogen, in, nitrates .\5 2. 2... chile. os sles oie yc eee een tee ies a einen ee 14 
Organic nitrogen in dry and fine-ground fish, meat and blood, and 
mixed: fertilizers |, si. isa’ sse sie kestl vase deaee G dpe ease ola aietane aii “ 16 
Organic nitrogen in fine-ground bone and tankage...... mya [ EOP. 16 
Organic nitrogen in coarse bone and tankage.............+.00. aie 12 
Phosphoric acid, water-soluble.............20- OURS. whee aes Suh D 
Phosphoric acid; citrate-soluble.:. i visser & teen teas «ia tefege Seats ‘ 4\% 
Phosphoric acid in fine-ground fish, bone and tankage........... : 
Phosphoric acid in coarse fish, bone and tankage..............«. 3 
Phosphoric acid in mixed fertilizers, insoluble in ammonium cit- 
rate and water 2.60. 00 vei s oo nb'a Koes ln eee Pe ee 2 
Potash as high-grade sulphate, in forms free from muriates (chlo- 
rides), “in HeNeR, Ste shee Sec aib cisphle jess ris’ » a ietehece 6 yan cant ee 5 
POLaslTIITMUrigte:s os caes crete ete see eras ss pe ee ve OG Sate 4%, 
| re reer a ry 


COMPARISON OF SELLING PRICE AND COMMERCIAL VALUATION. 


Giving to the different constituents the values assigned in the 
schedule for mixed fertilizers, 16 cents a pound for nitrogen, 5 
cents a pound for water-soluble phosphoric acid 44 cents a 
pound for citrate-soluble phosphoric acid, 2 cents a pound for 
insoluble phosphoric acid, and 44 cents a pound for potash, we 
can calculate the commercial valuation, or the price at which 
the separate unmixed materials contained in one ton of fertil- 
izer, having the composition indicated in the preceding table, 
could be purchased for cash at retail at the seaboard. Knowing 
the retail prices at which these goods were offered for sale, we 
can also readily estimate the difference between the actual sell- 
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ing price of the mixed goods and the retail cash cost of the un- 
mixed materials; the difference covers the cost of mixing, 
freight, profits, etc. We present these data in the following 
table: 


COMMERCIAL VALUATION AND SELLING PRICE OF COMPLETE FERTILIZERS. 


Average in- 
creased cost of 





Commercial] valuation of Selling price of one ton mixed materials 
complete fertilizers. of complete fertilizers. over unmixed 
re A er materials for one 
Average. Lowest. Highest. Average. ton 
$19.81 $14 $43 $25.71 $5.90 


COST OF ONE POUND OF PLANT-FOOD IN FERTILIZPRS AS PURCHASED 
BY CONSUMERS. 


In the table below we present figures showing the average 
cost to the purchaser of one pound of. plant-food in different 
forms in mixed fertilizers. 


AVERAGE Cost OF ONE POUND OF PLANT-FOOD TO CONSUMERS IN MIXED 
FERTILIZERS, 


Nitrogen eoeeaeveeveevoeveeeeeeeeere ee eeeeveeveeeveeeeeseeeeeeeee even eee8 86 20.8 eents. 
POmEOTICNACIO (A VAHEUC) cs cactes cece ccecvccculuccscacuveemewm Uso CEN. 
Potash @eeeeveeveveeveeveeeeseeeeveoeseeeeoeeeevesnsesveev eevee ee7e ee ee 028208888 @ 5.9 cents. 


NEW FERTILIZER LAW. 


The State legislature amended the fertilizer law in 1899 and 
attention is called to the principal changes that affect manu- 
facturers and dealers. 

(1) All fertilizers selling for five dollars or more per ton come 
under the law. 

(2) Every manufacturer, importer, dealer or agent must pay 
a license fee amounting to twenty dollars a year for each sepa- 
rate brand or kind of fertilizer or fertilizing material. 

(3) Statements of guarantee analysis, etc., are to be filed and 
license fees paid during December each year covering the goods 
to be sold during the year following. 

(The analyses of samples collected, as given in the Bulletin, 
are not reprinted here; as they cease to have value before the 
report is distributed.—DIREcToR). 


REPORT OF ANALYSES OF PARIS GREEN AND 
OTHER INSECTICIDES IN 1901.* t 


L. L. VAN SLYKE AND W. H. ANDREWS. 


SUMMARY. 


In accordance with the provisions of a law designed to pro- 
tect purchasers of Paris Green, samples were secured during 
1901 and the results are published in this Bulletin. 

In the 40 samples of Paris Green examined, the arsenious 
oxide varied from 56.13 to 62.87 per ct. and averaged 58.10 per 
ct. The water-soluble arsenious oxide varied from 0.88 to 2.64 
per ct. and averaged 1.28 per ct. 

The copper oxide varied from 26.53 to 31.14 per ct. and 
averaged 29.88 per ct. The amount of arsenious oxide in com- 
bination with copper varied from 49.70 to 57.72 per ct. and 
averaged 55.98 per ct. The general result of the examination is 
to show a good quality of Paris Green in the market at the 
time the samples were taken. 

There are given, in addition, analyses of English Bug Com- 
pound, Laurel Green, London Purple, and Paris-Green-Bordeaux- 
Mixture. 

INTRODUCTION. 

During the year 1901, there were collected for analysis forty 
samples of materials sold as Paris Green, and also two samples 
of Laurel Green and one sample each of English Bug Compound, 
London Putple, Paragrene and Paris-Green-Bordeaux Mixture. 
The forty samples of Paris green represent twenty different 
manufacturers, eight of whom were not represented in the 
samples examined by us in 1900. 





*Printed by the authority and under the direction of the Commissioner 
of Agriculture. 
+A reprint of Bulletin No. 204. 
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For a discussion of the chemistry of Paris green and for a 


statement of the methods of chemical analysis used, see Bulletin 
No. 190, p. 284. | 


306 
311 
308 
360 
341 

67 
351 


359 


55 


348 
344 


ANALYSES OF SAMPLES OF PARIS GREEN IN 1901. 


Manufacturer, 


Acme Color Works, 

Acme Color Works, 

Adler Color & Chemical Co., 
Adler Color & Chemical Co., 
A. B. Ansbacher & Co., 
A. B. Ansbacher & Co., 
A. B. Ansbacher & Co., 
James A. Blanchard, 
James A. Blanchard, 
James A. Blanchard, 
George C. Buell & Co., 
Cawley, Clark & Co., 
Charles M. Childs & Co., 
Charles M. Childs & Co., 
Hampden Paint Co., 
Morris Herrmann & Co., 
Morris Herrmann & Co., 
Morris Herrmann & Co., 
Fred L. Lavanburg, 

Fred L. Lavanburg, 

Fred L. Lavanburg, 
George E. Laverack, 
Leggett & Bros., 

Leggett & Bros., 

Leggett & Bros., 

Leggett & Bros., 

N. Y. Enamel Paint Co., 
N. Y. Enamel Paint Co., 
N. Y. Enamel Paint Co., 
I. Pfeiffer, 

I. Pfeiffer, 

I. Pfeiffer, 

C. T. Reynolds & Co., 
Reynolds (Devoe, Reynolds & Co.), 
Solomon & Schwartz, 
Sondheim, Alsburg & Co., 
Stanley, Jordan & Co., 
John L. Thompson Sons, 
Unknown, 

Unknown, 


ANALYSES OF SAMPLES OF OTHER INSECTICIDES. 


English Bug Compound, English Com- 
pound Co., 

Laurel Green, Nichols Chemical Co., 

Laurel Green, Nichols Chemical Co., 

London Purple, Hemingway’s London 
Purple Co., 

Paragrene, Fred L. Lavanburg, 

Paris-Green-Bordeaux-Mixture, Leg- 
gett Bros., 


Water 
Total soluble 
arsen- arsen- 
ious ious 
oxide. oxide. 
Perct. FPerct. 
GCL we Lee 
57.66 1.47 
57.97 0.88 
56.98 2.64 
57.11 0.88 
57.84 1.47 
56.98 1.10 
57.42 1.53 
Deall'ih.be 
57.385 1.53 
5T.72 1) 1.665 
of.42 1.35 
57.85 1.23 
58.76 0.98 
58.82 1.10 
61.40 1.78 
62087 Viv2s2h 
62.69 © 1.58 
57.91 0.98 
57.91 0.98 
68.82, 1515 
58.03 aa 
57.11 0.98 
OG alS.7 hel se 
B742) E28 
57.42 0.98 
ay gaa Gan Be: (7g 
68.09 1.72 
58.46 0.98 
57.35 91110 
57.72 0.88 
58.09 1.35 
60.72 1.40 
(Rp LD Ph 
57.60 0.88 
57.84 0.88 
58.58 1.40 
57.60 0.88 
57.72 0.98 
58.09 0.98 


oe 


32. 
41. 


15. 


466 —— 
85 0 
45 0 
RPA Ben 
73 60.88 
49 1.72 


Copper 
oxide. 
Per ct. 


30.04 
30.04 
30.29 
30.10 
30.23 
30.48 
30.35. 
28.54 
29.22 
29.66 
29.41 
31.23 
30.08 
30.41 
30.16 
27.47 
26.78 
26.53 
30.16 
30.48 
29.91 
29.85 
30:01 
29 . 54: 
30.50 
30.41 
30.04 
30.23 
30.35 
30.04 
30.73 
30.29 
28.35 
30.54 
30.85 
30.48 
29.60 
30.29 
31.14 
30.16 


0.60 
12.68 
12.05 
21.06 


16.02 


Arsen- 
ious 
oxide 
in com- 
bination 
with 
copper. 

Per ct. 


56. 
56. 
56. 
56. 
56. 
57. 
56. 
53. 
54. 
5d. 
55. 
57. 
56. 
56. 
56. 
51. 
50. 
49. 
56. 
57. 
56. 
DD. 
56. 
55. 
oT. 
97 
56. 
56. 
06. 
56. 
57. 
56. 
53. 
57. 
57. 
57. 
55. 
56. 
57. 


56. 


56 


bleh 


27 
27 
74 
38 
63 
10 
85 
4 

73 
06 
09 
42 
35 
97 
50 
46 
we 
70 
50 
10 
03 
91 
21 
34 
13 


27 
63 
85 
27 
57 
74 
11 
21 
60 
10 
45 
74 
72 
50 
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DISCUSSION OF RESULTS OF CHEMICAL ANALYSIS. 


1. Total arsenious ovide—In the 40 samples of materials sold 
as Paris green, examined by us, the amount or arsenic equiva- 
lent to arsenious oxide, varies from 56.13 to 62.87 per ct., and 
averaged 58.10 per ct. This average is over one per ct. higher 
than that found last year, and is about one-half per ct. below 
the equivalent of arsenious oxide contained in pure copper aceto- 
arsenite. So far as the total arsenic content is concerned, the 
amount found indicates a high quality of Paris green. The 
variation is about the same as last year and, excepting four 
samples, is within surprisingly narrow limits. Where the total 
amount of arsenic present in Paris green the only point to be 
considered, the quality would be regarded as very satisfactory, 
but we must consider at the same time the amount of water- 
soluble compounds of arsenic present in Paris green. 

2. Water-soluble compounds of arsenic.—The presence of water- 
soluble arsenic in Paris green is seriously objectionable owing 
to the fact that soluble arsenic compounds injure foliage. 
Hilgard, of California, states that in the dry climate of Cali- 
fornia, Paris green injures foliage when it contains an equiva- 
lent of more than four per ct. of arsenious oxide in the form 
of soluble arsenic compounds. The water-soluble arsenic most 
commonly occurring in Paris green is in the form of arsenious 
oxide, commercally known as common white arsenic. 

The method of analysis used by us in determining the amount 
of water-soluble arsenic compounds in Paris green should show 
the full amount of such compounds that would be found in 
actual field work where Paris green is mixed with water at the 
rate of one part by weight of Paris green to 1000 parts of water 
and the mixture used soon after preparation. By longer extrac- 
tion with water, larger quantities of soluble arsenic compounds 
can be obtained; but for our purpose, it is desirable to approxi- 
mate the amount likely to be found in actual field practice 
in the use of Paris green under the conditions commonly em- 
ployed. It would, in our judgment, be proper to condemn for 
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use as an insecticide Paris green or other similar materials that 
vield more than 34 per ct. of water-soluble arsenic compounds 
expressed as arsenious oxide, when treated for 24 hours with 
distilled water at the rate of 1000 parts of water for one part of 
Paris green or arsenic-containing materials. 

The water-soluble arsenious oxide varies in the 40 samples 
of Paris green examined from 0.88 to 2.64 per ct., and averages 
1.28, which is far below the limit of harm prescribed for use as 
an insecticide and the limit fixed by law. 

3. Copper in Paris green determined as copper oxide.——The 
amount of copper expressed as the equivalent of copper oxide, 
varies in the 40 samples of Paris green examined from 26.53 
to 31.14 per ct. and averages 29.88 per ct., which is about the 
same as last year. 

4. Amount of arsenious oxide in combination with copper.—The 
law relating to Paris green in this State was amended in 1901, 
so as to correct certain defects existing in the original law with 
reference to the definition of Paris green. The original law 
required that Paris green should contain the equivalent of 50 
per ct. of arsenious oxide. This provision was needlessly low 
and was also open to the very serious objection that it permit- 
ted indefinite adulteration by common white arsenic. This 
defect has been corrected by requiring that Paris green shall 
contain arsenic in combination with copper, equivalent to not less 
than 50 per ct. of arsenious oxide. In ascertainig the amount 
of copper in combination with arsenic, it has been assumed 
that all the copper present was so combined, except when found 
in excess. While this assumption is not strictly accurate, it 
answers the purpose, especially when the precaution is taken 
to examine the Paris green for water-soluble forms of copper- 
compounds. | 

In the 40 samples of Paris green examined the amount of 
arsenious oxide in combination with copper varied from 49.70 
$5772 per ct. and averaged 55.98 per ct., which is about 6 
per ct. higher than the minimum required by law. Only one 
sample fell below the limit and this was only slightly below. 
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5. General conclusion as to purity of Paris green im market.— 
Our results indicate a satisfactory condition as to the arsenic 
content of Paris green found in the market during 1901, and 
the same can be said as to the amount of water-soluble com- 
pounds present in the samples examined. 


AMENDMENT TO PARIS GREEN LAW. 


In accordance with the suggestions made by us last year, that 
portion of the Paris Green Law which related to the definition 
of Paris green was changed. The essential portion of the 
amended law embodying this change is as follows: 

“$112. Composition of Paris green or analogous products.— 
Paris green, or any product analogous to it, when sold, offered 
or exposed for sale as such, in this state, shall comply with the 
following requirements: 

“First. It shall contain arsenic, in combination with copper, 
equivalent to not less than fifty percentum arsenious oxide. 

“Second. It shall not contain arsenic in water-soluble forms 
equivalent to more than three and one-half per centum of arse- 
nious oxide.” 


LIST OF PARTIES WHO RECEIVED PARIS GREEN CERTIFICATES 
IN 1901. 


Acme Color Works, 5 Hanover street, New York. 

Adler Color and Chemical Works, 100 William street, New York, 
A. B. Ansbacher & Co., 4 Murray street, New York. 

Louis Berger & Sons of America, Lim., 100 William street, New York. 
Jas. A. Blanchard, 66 Maiden lane, New York. 

Chas. M. Childs & Co., 225 Pearl street, New York. 

O. W. Clark & Son, 59 Seneca street, Buffalo, N. Y. 

F. W. Devoe and C. T. Reynolds Co., 101 Fulton street, New York, 
Hampden Paint and Chemical Co., Springfield, Mass. 

J. M. Huber, 275 Water street, New York. 

Fred L. Lavanburg, 165 William street,,.New York. 

Leggett & Bros., 301 Pearl street, New York. 

John Lucas & Co., 89 Maiden lane, New York. 

Morris, Hermann & Co,, 255 Pearl street, New York, 

I. Pfeiffer, 174 Fulton street, New York. 
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PERIODICALS RECEIVED BY THE STATION. 


Acker und Gartenbau Zeitung........ee.eeee- Complimentary. 


Agricultural Epitomisti.)). 060.00. Oui eb RAP 
Agricultural Gazette of New South Wales..... ¢ 
Agricultural Journal of the Cape of Good Hope 
Agricultural Students’ Gazette...... see Sh cla /ens Mf 
Pie VA OURO) nye. ee cies e's SeLOUt eases Subscription. 
PRPC OETIR GT AZOUE © echo ateresa%eiotetaiee'e sletateel chelate ee... Complimentary. 
PIMeWCAN AWOTICUIGUDIBL? osc sss vei csc ecsstseu'e Subscription. 
American.Chemical Journal.....<.6.se00 Pa 
American Chemical Society, Journal......... ‘ = 

OMG hoi OW ha kG: 0) er sy Complimentary. 
American Entomological Society, Transactions. Subscription. 
American Fancier....... BSA SSeS SSNS aca elaeiee rt 
American Fertilizer..... PAA BA Vue ee cease ROUEN fe 
American Florist........ ora eee VEL Peles 
American Gardening....... POE PARES ERS 5 e 
American Grange Bulletin.......... faite eto tate tote Complimentary. 
Peri CPOCEs 444i 18 ih sana heals eke eke iy 
American Journal of Physiology............ .. Subscription. 
American Monthly Microscopical Journal..... : , 
Benericdn Naturalist.....icxca ves seas de YS et i 


American Philosophical Society, Proceedings.. Complimentary. 


mamerican Stock Keeper.is..is.5 ise... ote. s 
PRG Lamas hoo c.5 b HRtR Pe 0) reaches eich Nek et atk eae ei ae Subscription. 
Mees VOT ONOMIQUeS. i Sor ls TS Subscription. 
Arnales de. l'Institut Pasteur. e wks ¥ 


Annals and Magazine of Natural History..... : 
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Annals  OLMBGLAM VAs cas winched niet acta eee Subscription. 
Archiv der gesammte Physiologie (Pflueger)... ‘< 
ATCHIY IUCL EH VSIGNG, tetany Leen e a. tees % 
Association Belge des Chimistes, Bulletin..... Complimentary. 
Baltimore Weekly Sun... faos alka th doth o's site's ‘fs 
Beet Sumar Guzet tery. wes cites ike ereetree etme cS 
Berichte der deutschen botanischen Gesell- 

SODA Lie rae he see nS oa eh reat an ares ee Subscription. 
Berichte der deutschen chemischen Gesell- 

Bahiad tail ieied. ose a x's Can watin ces eee Hh: aent "3 
Boletin do Instituto Agronomico do Estada de 

Sa0 Paulo... ogee a citer ne <eeee clea me Se knee Complimentary. 
Boletin de Agricultura Tropical.............. f} 
Boston Society of Natural History, Proceedings. Subscription. 
Botanical Department, Jamaica, Bulletin...... Complimentary. 
BetaninalieGhawarten so i. os stew tse seecue oun measeene Ieee Subscription. 
Botanisehe: Heit eo. avs as ack camara ahemiene d rf 
Botanisehes Centralblatt, . yi. sete. See eel ¥ 
Botanists, Lig ee ete £ sats terial Sin obhade ata oledie > 
BreedensmGagette ... sss eee crease oe cee ¥ 


Buffalo Society of Natural Sciences, Builetin.. Complimentary. 


CangdianvEOtomolocieti ee) ue eee go oe Subscription. 
Canadian Horticulturist’ ooo asses eb bees +46 Complimentary. 
Centralblatt fuer Agrikultur-Chemie.......... Subscription. 
Centralblatt fuer Bakteriologie und Parasiten- 

KA Gy i hiswagit Wise cure sine p odd ole eb ele REE ‘ ry 
Chemicmlu Newser i ecssar chic ae etek oe eee * 
Chemical.Society, Journal... .... was baiev set tele 6 % 
Chemiker Zeitung °:% 5. bimsecatilawye eee oe ry 
Chemjsohes Centralblatt, ; 2. .'.2ss+95++s 0 eleale iS 
Ghicago, Daily Drovers’, Journal, .4iayh. [da.iaa Complimentary. 
Chict@e Dairy Produges..2. wea. os arte SS 
Cincinnati Society of Natural History, Journal. iy 
Columbus Horticultural Society, Journal...... Complimentary. 


Commercial Poultry ....... ota eets ; y 


oeeeeeee eee 
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Mountry Gentlemen: 6.5 .8c2 00. 
MOMENT (oP ns wn goa oes 
PUM EATUMET OO INET Y:. 4 9's) + 4 (0-0/4 4m «ajaie sa o.0 ohh) ele 
Pe MD PETE OSS 6 6'65. 15.515 0.0.6 a ae evein igvovelaoavagls 
Edwards’ Fruit-Grower and Farmer........ 
PORTED AAI CDOUT «0 giana nog so da 
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Elisha Mitchell Scientific Society, Journal..... 
ee etis@aalogne,oty Bookss <4) J0 5s. 6b ag. bE 
Ree ECMOCICOIIN CWS 5 oo 5.5.6 p-nporir pipsoieipcip sips ster ¥ las 
Entomological Society of Washington, Proceed- 

Ree Have a tela dea ekie wc ane MT ae A Gs ‘ 
Priurorocische: ZEITSCDrifh) oes ak dee ees 
PE MAMPNC ETO IS Gere tis oN, ble ae ‘aves giaedeva aia wind ens 
PEO PIB THA ICCODUL a's’: lc ccea seeuaeae 
PE oere eC vie Wi. Leis ws ceolompet Ou ssi okie Dee _— 
Pe AAT AE PIT ERIC OM ya titel ola ib hol sla 0! aioe lee arena’ 
PeeMeruAIN COMET ITIP Ufo cis Saale. sae ja 0.0. 0m usyeqeusys Ae 
EP TUE H | ofeh ches cele leselesetcysl's, eisai 
MEIC (1 51's 1, su bse is aie oie eco 9 19 1d 418) 8! 0) Go 
Farm Poultry Semi-Monthly............... ants 
PLUCK SANUGELOMOCLIN AS fig fe cdele Sewic a Kolete whe 
PME IATL OCA LE oh cpcles exes e.oj0rscecsis. s: 0, sists as ie 
renee ROSEN ee ale d ale, ac LUE Lisa We. dea wastals 
Aiea TSG ET LICE CSUN (5 baton nolan yp sw risus io ince lo liable: ble 2-4 be 
MME MULL TPTLIIG (oi beisige ses ase sate ve nese yeuetece ye cove we late loll 
et A Ahn ak ae ee A SCN CR aA 
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Summary oF Drrection of WinpD For 1901. 











January Cee eoeseeeSeeeeeeeeeeeeeeeeeeeeteere 
February +e eee Bee eee ereeeeneeee eeeeeeseer 
Mare. Siieca eee peace ceuncase ts ee Seanecereles 
PRT OT SOR ASR, inprey anr ye PAIS ICOR HIRO PP RODIOOOC 
July POOR reer He EH THO HEE H EHH EH EE EE HOE HE HEEES 
BEPLCINDOL: neces ee recesses teaccusaceenesecs 
OGCLOD CTH A. rinse nislainmaicisie cienre sine nia mica matin 
NOVEMDErisccctesicete cece en tocr antennae 
DECEMDEr Fav atacte ccus ae wactem cue cevine comen 





Total hours of movement......ccseeees 


Per cent. of time in each direction....... ‘ 





Northerly, 
N. W.toN.E 











Easterly, 
N. E. to S. E. 








1,041 1 








0 


Southerly, 


a 


S. E. toS. W. 





Hours. 


138 





106 
24.6 











Westerly, 
S. W. to N. W. 


Hours. 


3,580 








Total. 








Hours. 
575 
574 
661 
593 
58u 
567 
587 
477 
499 
600 
633 
591 


6,942 
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Summary or Maximum, Minimum anp Sranpakp AIR THERMOM- 
ETERS FOR 1901. 


STANDARD. 


Maximum. |} Minimum. 
Ta.m. 12 m. Sunset. 








Average. Average. Average, | Average. | Average. 
18.5 22.6 27.4 } 





REET PV are tlatesalecieaiwer els siaecietelce create ce sete eie'e 33.6 26.1 
CDE MPR Vn ciias wis cane c lac cecciisce cenae.one 25.9 Lilie 14.9 22.2 20.0 
WLI SEE MO OI as ciorce x c\niareieie wiele ctersle) fot ae os cia ale 40.6 PBIB 28.0 84.5 34.9 
Pa Tard lemelateteteteccitisis, ae ole ersiae te ciaerenion es'eelee on of 56.0 87.1 42.0 50.9 50.3 
DWER amie e Olals oleic c's eaisisinie vsctelirceie cos eecceese 67.0 46.8 52.6 61.2 60.4 
BULA BE Oats te¥e ola\oi5/0,4\6.010.8,caveierescleceisicisiess a etecn s:e18 sive 80.5 57.4 64.7 74.4 74.3 
SIALGYoete cts asalate; oye. cicce'y! ovale oinrele wisiaetle Drift Geae cee 88.2 65.1 72.6 81.8 81.3 
August..... SAE Ani Rigg cae 80.9 61.1 67.0 76.3 74.5 
September..... Rroleatetetetelarese’ 75.0 53.0 58.4 69.3 66.7 
Octcber 5 62.1 40.7 45.5 67.2 54.6 
INGV.OTREDER ees csios cowlarlits culea ween 41.0 iad 81.7 86.5 34.6 
DOCOMDEE reece cocci s « ewe oeals 34.9 20.6 25.38 30.6 aed 
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